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1 Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category for MTC operation, (2) achieve LTE coverage improvement corresponding to 15 dB for FDD, and (3) minimize UE power consumption. For the new low complexity UE, reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique.
In this paper we continue to discuss the system information design for Rel-13 low-complexity and coverage enhanced UEs (Rel-13 LC/CE UEs), focusing on the SI the validity time and modification.
2 Discussion
2.1 System information validity time
According to [2] “the UE considers stored system information to be invalid after 3 hours from the moment it was successfully confirmed as valid”. For Rel-13 LC/CE UEs it has been discussed whether or not this time should be extended and so far the following has been agreed [9]: 
· To use legacy range of systemInfoValueTag for Rel-13 LC/EC SI, however to increase the SI validity period (e.g. up to 12h or 24h instead of 3h).

· Further discussion is needed on whether the validity time can be increased (impact on required change rate) and whether this requires an increase of the value tag range.
In the following discussion we do not take the change rate into consideration (i.e. assume that extension of systemInfoValueTag would be possible to support the same change rate). The argument for extending the SI validity time is to prolong UE battery life. That is, the UE must verify that its SI remains valid either by checking the systemInfoModification indication in paging every modification period or checking the systemInfoValueTag.  If the UE would have to re-validate SI by checking the valueTag prior to every paging occasion (PO) for DRX cycles longer than the BCCH modification period there will obviously be no gain at all since PO are always more frequent  than 3h. If however the condition for updating at least paging related SI for eDRX UEs is relaxed such that the UE will not have to re-validate SI prior to every PO if it monitors systemInfoModication notification in paging, there could be small gains as seen in Figure 1. Note however that this is for the worst assumption that the UE needs to accumulate 120 repetitions, for lower numbers of repetitions the gains quickly become insignificant (see Figure 3). Note also that when data transmission is more frequent than the 3h SI validity time there is no gain at all (curves below 3h excluded in the figures for clarity). Note also that are in practice no gains in battery life by further extending the validity from 12h to 24h. 
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Figure 1: UE battery life as a function of DRX cycle length for different UL reporting periodicities and SI validity time. SIB1bis read by accumulating 120 repetitions prior to every data transmission. 
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Figure 2: UE battery life as a function of DRX cycle length for different UL reporting periodicities and SI validity time. SIB1 read by accumulating 120 repetitions before every PO for DRX > modification period.
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Figure 3: UE battery life as a function of DRX cycle length for different UL reporting periodicities and SI validity time. SIB1bis read by accumulating 1 repetition prior to every data transmission.
In summary; for UE in the worst coverage level and an eDRX cycle of 15 min there will be a battery life gain of 4% even when the UE is in practice only monitoring paging and never transmitting any data. The gains are also expected to decrease when other UE procedures than just monitoring paging and periodically transmitting a small UL payload as in this ideal model (such as reading SI-messages, MIB, measurement reporting etc). Further, to be able to support the same SI change rate as in legacy, the valueTag in SIB1bis would have to be extended and therefore increasing the size of SIB1bis which is not desirable for CE. Therefore we propose the following.
Proposal 1 The legacy SI validity time, i.e. 3h, is not extended for Rel-13 LC/CE UEs.

2.2 SI change notification
It has previously been agreed that [9]:
· To define new indication(s) that allow the UE to differentiate the actual common SIB(s) that change in certain BCCH modification period (i.e. common for all SIBs other than MIB, SIB1, SIB10, SIB11, SIB12 and SIB14); however, details on how to enable this are left FFS.
In the ongoing email discussion it has further been suggested such a new indication could be valueTags added per SI message to the schedulingInfoList in SIB1bis. To keep the legacy concept these additional valueTags should be combined with new systemInfoModification per SI message in the paging message. That is, in most cases the stationary Rel-13 LC/CE UEs will remain in the same cell and relying on systemInfoModification when monitoring paging will give a significantly better UE power consumption than having to re-acquire SIB1bis. These two require substantial standardization and before submitting to this work the gains should be motivated and quantized. Including individual valueTags per SI message in the SIB1bis schedulingInfoList could somewhat lower the power consumption when there is a SI update, but since SI updates are rare in practice it could equally well lead to worse UE power consumption since the size of SIB1bis is increased. If in worst case, this were to be done for each SIB, there are 14 SIBs still supported for Rel-13 LC/CE UEs apart from MIB and SIB1bis, if 5 bits is used for each it would be 70 bits in total which according to [11] would increase the number of repetitions required to decode SIB1bis by 20%. This is overly pessimistic but shows that even for a more realistic scenario the gains are not obvious.  Therefore we propose the following.
Proposal 2 No new indications are needed that allow the UE to differentiate the actual common SIB(s) that change in certain BCCH modification period.
2.3 BCCH modification period 

The BCCH modification period is equal to modificationPeriodCoeff * defaultPagingCycle where these paramters are configured in the RadioResourceConfigCommon in SIB2. SIB2 will have to be transmitted in a separate SI message confined to 1.4 MHz and 1000 bits for Rel-13 LC/CE UEs. Therefore the BCCH modification period can also be configured separately from the legacy one.  The range could however differ and it has been previsouly agreed that if extended it should be a multiple of the legacy modification period. 

The BCCH modification period used for the LC/EC SIBs is configured separately from the configured legacy BCCH modification period. However, the former shall be a multiple of the latter [7].

Rel-13 LC/EC BCCH modification period needs to be extended; however, it is left FFS how and for how long it needs to be extended. This aspect should be revisited when the work on Rel-13 extended DRX progresses [9].

The conclusion is then that Rel-13 BCCH modification period will be equal to N* modificationPeriodCoeff * defaultPagingCycle where N is integer. N can either be configurable in system information or hard coded in the specs. The reason to extend the Rel-13 modification period is to assure that UEs using CE will be able to accumulate SI message repetitions over multiple windows before the content changes. For CE it is further important not to increase the SI size. Regarding the range of the BCCH modification period the important things is that is can cover all the repetitions required for CE with the combination of si-WindowLenght and si-Periodicity. For Rel-13 LC/CE the following ranges have been agreed for these parameters:

· si-WindowLenght= {20, 40, 60, 80, 120, 160, 200} ms
· si-Periodicity= {80, 160, 320, 640, 1280, 2560, 5120} ms
Further assuming that there is a SI message repetition in every 2nd subframe for the worst case of a 1000 bit TBS which requires 300 repetitions [11]. Then the acquisition time for the SI message will range from 800 ms up to 153 s depending on the si-Periodicity. The legacy range for BCH modification period can in this example everything except the longest 512 rf periodicty in combination with the three shortest window lenghts. These combinations are unrealistic and there is no need to go to so extremely low system overhead figures.
Because of this and to minimize the impact on the specs we propose to have a hard coded value for N=1  in the spec. 

Proposal 3 Use the legacy range for  BCCH modification period for Rel-13 LC/CE UEs 

If SIB1bis is transmitted 4 times within 80 ms it would take 2.4s for a UE in a high level of CE to accumulate it (accumulating 120 repetitions corresponding to 15 dB CE [11]). If the UE acquires also acquires a 250 bits SI message containing SIB2 and SIB14 (~150 repetitions), this would take another 3 s if the SI message is transmitted with 8 repetitions in every SI window and a SI periodicity of 160 ms. Reading the essential SI would in this case therefore take 5.4s in the highest CE-level. This is well within the legacy range of up to 10 s (40 s when H-SFN bits are included in SIB1bis due to eDRX). 

2.4 Indication of required SIBs

In the RAN2#91bis email-discussion on SI it was agreed that “If a SIB is only applicable for Rel-13 LC or for Rel-13 EC, this would be defined in specification (i.e. explicit signaling will not be defined unless concerns/issues are identified in future discussions).”  What has also been discussed earlier is that it could be beneficial to be able to indicate which SIBs are required at a certain CE-level. For example, the relevance for Rel-13 UEs in high CE-levels to obtain mobility related SIBs, e.g. SIB3, SIB4 and SIB5. Since Rel-13 LC UEs will likely require a small number of repetitions to compensate for the reduced capabilities, the border between EC and normal coverage is not clearly defined. Therefore it would be problematic to define in the specification that e.g. mobility related SIBs are not required for CE. In practice some threshold in terms of number of repetitions, signal strength, etc. would have to be defined.  Further, SIBs are acquired as part of SI messages it makes sense to have this indication per SI message. To maintain a small size of SIB1bis this could preferably be done hard-coded in specs (for example, it is defined in specification up to which CE-level must be acquired and the UE can omit a SI message only if all the contained SIBs are not required at the UEs current CE-level). It can however be difficult to agree on thresholds that are valid for any cell at any time. We therefore propose to have some configurability according to the following:
Proposal 4 The CE level up to which an SI message is intended to be acquired by Rel-13 LC/CE UEs is provided in schedulingInfoList.
The Stage-3 details can be concluded as part of the ongoing discussions on 36.331 CR. That is whether the threshold should be indicated by the mere CE-level (0,1,2,3), a threshold q-RxLevMin-CE, the maximum number of repetitions the UE should consider, etc. An example is given in the following table.
	Index:
	CE-level:
	q-RxLevMin-CE:
	SI message reps:

	1
	NC
	qNC
	NNC

	2
	1
	q1
	N1

	3
	2
	q2
	N2

	4
	3
	q3
	N3


3 Conclusion

In this contribution we have discussed the SI validity and modification for Rel-13 low complexity and/or coverage enhanced UEs. Based on the discussion in section 2 we propose the following:
Proposal 1
The legacy SI validity time, i.e. 3h, is not extended for Rel-13 LC/CE UEs.
Proposal 2
No new indications are needed that allow the UE to differentiate the actual common SIB(s) that change in certain BCCH modification period.
Proposal 3
Use the legacy range for  BCCH modification period for Rel-13 LC/CE UEs
Proposal 4
The CE level up to which an SI message is intended to be acquired by Rel-13 LC/CE UEs is provided in schedulingInfoList.
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4.1 Appendix

4.1.1 Size estimate for SIB1
In the table below the minimum and maximum size estimates are shown for SIB1.

Table 1: Size estimate for size range of legacy SIB1 (bits).

	SIB1
	 
	 

	Information element
	Min size
	Max size

	cellAccessRelatedInfo
	72
	224

	>plmn-IdentityList (1-6)
	25
	150

	>trackingAreaCode
	16
	16

	>cellIdentity
	28
	28

	>cellBarred
	1
	1

	>intraFreqReselection
	1
	1

	>csg-Indication
	1
	1

	>csg-Identity*
	0
	27

	cellSelectionInfo
	6
	6

	>q-RxLevMin
	6
	6

	>q-RxLevMinOffset*
	0
	3

	p-Max*
	0
	6

	freqBandIndicator
	6
	6

	schedulingInfoList (1-32)
	7
	40

	tdd-Config*
	0
	7

	si-WindowLength
	3
	3

	systemInfoValueTag
	5
	5

	Total size
	99
	297


4.1.2 Details on battery consumption modelling
The reason for extending the validity time for SI would be for the UE not to have to read SIB1bis every 3h to reassure it has a valid version of the system information. This section includes evaluations on how big the impact on battery life would be from extending this time to 12h or 24h as was discussed in the previous meeting. The assumptions for the evaluations are the following: The UE only monitors paging and transmit an UL payload of 250 Byte with a periodical reporting time in the range {3h, 12h, 1 month} (This is indicated by the colour of the curve in the figures). SIB1bis acquisition time is either is 1 ms per repetition, i.e. ideal DRX for reception is assumed. For DRX cycles longer than the BCCH modification period it is assumed that the UE always have to ensure the SI is valid by reading the valueTag in SIB1bis prior to data transmission. Further it is for these long DRX cycles assumed in Figure 1 and Figure 3 that the UE only need to re-validate SI once every BCCH modification period, whereas in Figure 2 it is assumed it would have to re-validate it prior to each PO. 

1/7


