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1 Introduction
At RAN1#79 the following agreements were made about SIBs for LC UEs (1):
· RAN1 recommends that RAN2 consider introducing new MTC SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage

· A Rel-13 low complexity UE will not be able to

· Receive SI-messages in more than 6 contiguous PRBs 

· Receive PDCCH which schedules transmissions of legacy SIBs

· FFS: Whether UE can receive PDCCH which schedules transmissions of legacy SIBs in 1.4 MHz system BW case

· Maximum TBS, SIB size(s) and time-domain aspects including e.g. SI-windows and SIB update rate(s) can be decided jointly with RAN2

· This does not preclude the possibility of using a subset of the new MTC SIB(s) for normal coverage or enhanced coverage 

· FFS whether UEs of other category in enhanced coverage can use this SIB(s)

· RAN1 recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs to reduce SIB size at least in enhanced coverage

These RAN 1 agreements lead to the following consequences:
1. Imposing restrictions on the bandwidth and scheduling of the legacy SIBs in order to accommodate the limited reception capabilities of Rel-13 LC low complexity UEs in normal and enhanced coverage will probably not be acceptable when it results in performance limits that affect all UEs.
2. Duplicating all of the information content of the legacy SIBs in a new format constrained to 6 PRBs and 1000 bits TBS is not practical because of the large number of IEs currently defined.
3. Duplication of information in SIBs reduces the data carrying efficiency of the eNB.
2 Considerations for inclusion of IEs in a new MTC SIB
A new MTC SIB should only contain information essential to operation of Rel-13 LC UEs for normal and enhanced coverage. The choice of what is essential information requires a decision that affects LC UE capabilities. Ideally the number of performance restrictions will be minimized in order to maximize the number of use cases that the LC UEs can serve. The new MTC SIB may contain the only SI information that can be reliably received by UEs taking advantage of maximum coverage enhancement.
A relatively small new MTC SIB that could be more easily received with robust MCS would also help to meet cost and power saving objectives for MTC UEs. A smaller SIB could also be repeated more frequently for CE with less impact on eNB downlink capacity. 

Legacy SIBs with content that should be considered essential for LC UEs include SIB1 (up to 346bits), SIB2 (up to over 1000 bits) and also SIB 14 (84bits). However, not all of the information in these SIBs should be considered essential. 
Appendix 1 contains some estimates of the size of essential SIB1 and SIB2 IEs.
SIB1 has about 29 bits that refer to scheduling of other legacy SIBs. Since the UEs will not receive PDCCH this information should not be duplicated in a new MTC SIB. The PLMN-IdentityList in SIB-1 can include up to 6 PLMNs with 28bits per PLMN. Consideration should be given to limiting this to fewer PLMNs. For example, if three PLMNs can be sufficient the SIB 1 IEs that would be included in the new MTC SIB would be 154bits.
SIB2 contains access class barring information, with many options. A simpler access class barring indication should be considered for LC UEs, possibly incorporating the principles of EAB indications from SIB-14. All UEs using this new information could share a common group classification from the perspective of barring, or there could at least be fewer classifications. There could also be a smaller number of randomizations (for example 4) of delay to re-start upon the release of barring. The two biggest potential savings in the number of IEs that may be possible when compared with legacy SIB-2 content would be by not including access class barring per PLMN information and the multiband information. Other smaller information elements may also be candidates for not being included, given a narrower potential range of use case needs. Essential SIB2 IEs (Appendix 1) could be a few as 127bits. Indication of a dedicated range of PRACH preambles for the UEs is still required and also an indication of the number of PRACH repeats for different ranges of coverage enhancement.
RAN1 has proposed limiting mobility, in particular by not requiring idle mode hand-off. This would remove the need for the UEs to receive the information content of SIBs 3, 4, 5, 6, 7 and 8. LC UEs will have to make cell reselection decisions independently and accept additional delay in doing this compared with other categories. UEs in coverage enhancement will also need to accept this limitation. Long cell acquisition times in deep CE and the need to receive and transmit with multiple repetitions means that legacy mobility is unlikely to work.
Other information that could be useful but is not essential for inclusion in a new MTC SIB for LC UEs includes:

SIB9 contains the name of a HeNB

SIBs 10, 11 and 12 contain ETWS and CMAS information

SIBs 13 and 15 contain MBMS information

SIB16 contains accurate time information

SIB-17 contains WLAN traffic steering information

Additional IEs may be required within the new MTC SIB for purposes relevant only to LC UEs and for coverage enhancement such as for random access, assignments within 6PRBs and for setting longer timers for CE.
Observation #1: A new MTC SIB may contain about 300bits of essential information.

Proposal #1: RAN2 should define a new MTC SIB containing only the most important IEs needed by Rel-13 LC UEs and for CE.

3 Scheduling of the new MTC SIB
The new MTC SIB should ideally be easy for a UE to receive in coverage enhancement. This implies a robust mechanism such as by using a known and fixed location probably within the middle 6 PRBs of the bandwidth of the downlink. This would enable the simplest mechanism for reception together with PSS, SSS and MIB information especially for coverage enhancement. 
A 300 bit SIB could be coded in a known format, for example Itbs6, QPSK, within the PRBs adjacent to the MIB in SF0 either in Slot 0 or Slot 1. If repeated on a 10ms cycle this would use about 10% of the capacity of a 1.4MHz system.
When an eNB may support only a limited CE of for example 0-5dB it would be better if the new MTC SIB could be scheduled less frequently.
A relaxed acquisition time for the new MTC SIB in any level of CE may also be allowed by repeating the new MTC SIB less frequently, for example every 20, 40, 80 or 160ms. This would reduce the loss of capacity on the downlink at the expense of delay and decoding complexity. The UE would need to acquire and time align to the SIB cycle in order to achieve power savings from using it. In order for this to be possible in coverage enhancement an indication of the frame count for new MTC SIB reception would probably be needed in for example the MIB. If this would not be done the power and time used for blind detection in initial acquisition could be very significant. A suitable MIB indication might indicate the time between new MTC SIBS for example as a modulo-n count.
Longer intervals between the new MTC SIBs would also require longer SIB reception delays and correspondingly longer modification periods, in order to accommodate reliable SIB reception in the most extreme CE.
Much of the essential SIB information does not change often. Information in the new MTC SIB will need to remain constant for long enough for a UE using coverage enhancement to accumulate sufficient copies. However, ACB, EAB and time information for example is expected to change. A dedicated range of PRACH preambles for LC and CE may also change. UEs are expected to be responsive to ACB and EAB indications by checking the current SIB information before transmitting. LC UEs are also expected to conserve power. They should therefore be able to check for changes in SIB content before transmitting but without necessarily receiving and decoding the SIB content. A correlation method may be used to determine whether the new MTC SIB content has changed. If the current new MTC SIB content does not correlate with what was previously received by a UE then it will need to fully decode the new MTC SIB to determine what has changed.

It may be desirable to have a long modification period for the new MTC SIB to allow for more time for repetition for UEs in CE. For consistency in the delivery of information to all UEs the legacy SIBs 1, 2 and 14 with the same IE content may need to remain constant until the new MTC SIB can change. It is FFS how to assure practical synchronization of the application of a change of information when the new MTC SIB may take much longer to receive at extreme CE when compared with other categories of UEs receiving legacy SIBs and even LC UES in normal coverage receiving the new MTC SIB.
Another possible solution could be to split the new MTC SIB into parts for long and short modification periods. SIB IEs that need short modification periods would be sent frequently and SIB IEs that can handle long modification periods could be sent less frequently.
In order to further enable low power consumption, an indication of “New MTC SIB changed” in the MIB could be a possible mechanism for these UEs to determine whether to receive the new MTC SIB. This would need to have a short change indication count, possibly only two bits. Correlation of MIBs would need to allow for the incrementing SFN count to enable a quick detection of a change. The possible future assignment of unused MIB bits means that a number of possibilities would need to be blind decoded and considered valid while looking for a match to the bits defined in the current release. Compulsory re-acquistion times for the new MTC SIB would also need to reflect the minimum full change count cycle time in order to avoid a false assumption of no change. This would be especially important for UEs coming out of a future long DRx mode. 
Proposal #2: The new MTC SIB’s subframe location, PRB location and MCS should be defined within the standard.
Proposal #3: RAN2 should study the modification period for new MTC SIB contents in order to meet CE repetition requirements.
4 Coverage Enhancement for non-LC categories of UE 
Other categories of UE that may use coverage enhancement are not fundamentally limited in their ability to receive legacy SIBs based on their bandwidth or TBS size capabilities and they may be capable of receiving them at least when operating within small amounts of coverage enhancement. This means that hand-off and other features may be possible for them subject to their abilities to meet acceptable response time performance. It is FFS whether any relaxation of expected responses or other changes can be made on the network side for moderate CE working within the legacy SIB structure. 
When the amount of coverage enhancement is more extreme these UEs should be expected to lose capabilities, being constrained to a smaller set of features defined by the IEs in the new MTC SIB and by interacting with the eNB in the same way as LC UEs. 
When another non-LC category of UE uses CE mode it will be constrained in its performance based on the amount of CE. Certain functions may still be expected to be available, including ability to receive ETWS, CMAS and to make emergency calls. (Deep CE voice can’t be supported but at some level of enhancement it may still be possible). SMS Ecall may be possible where it is supported by the MNO. The UE should clearly indicate to the user that the UE is outside of normal coverage and that is will have limited capabilities when using CE. One possibility is a manual input acknowledgement option/condition for changing modes to use this service.
Observation #2: Non LC UEs using small amounts of CE may be able to operate without LC UE new MTC SIB limitations. 
5 Making additional SIB information available to LC UEs
A new MTC SIB will provide basic connectivity and functional capability to LC UEs and for coverage enhancement. Making some more SIB information available, at least in normal coverage may enhance the capabilities that can be offered by the Rel.-13 LC UEs.
For example:  

1. Idle mode hand-off capabilities may be useful to some UEs, at least in normal  coverage

2. The ability to receive accurate timing would be an advantage for LC UEs waking from a long sleep.

3. ETWS and CMAS information may be useful for LC UEs and it is relevant to other categories of UEs operating in coverage enhancement. 

4. MBMS information

A few more IEs could be added to a new MTC SIB but the wide range of optional information means that another mechanism should be used.

Ideally, sending additional SIB information would not be achieved by duplicating more legacy SIB IEs in additional new MTC SIBs because of the loss of eNB capacity that this would require. This loss would be incurred for serving a potentially small number of LC UEs that might take advantage of the additional information. Reception of more SIBs would also shorten the battery life of power limited devices.
One alternative could be the enablement of use of existing small SIBs that could be easily scheduled within TBS and PRB limits for Rel.-13 LC UEs but in ways compatible with and simultaneously indicated by legacy SIB scheduling. This could be done potentially without placing strong restrictions that would have significant effects the performance for other categories of UEs.

Scheduling limitations that would also need more transmissions of legacy SIBs for coverage enhancement may be optionally applied or alternatively, longer modification periods and response times could be tolerated from the LC UE when using the information.
A new mechanism for indicating the locations of the defined legacy SIBs to LC UEs would be required. This would probably need to be defined from a limited set of options because the new MTC SIB would probably need to be used to make these indications.

Appendix 2 contains more details on some considerations for sending additional SIB IEs.
Offering a mechanism for LC UEs in normal coverage to read SIBs 3 and 4 for intra and inter cell information would be a very useful feature.
Proposal #4: RAN2 should consider allowing a means for LC UEs to receive some legacy SIBs such as SIBs 3 and 4 for mobility. 
6 Conclusions
Observation #1: A new MTC SIB may contain about 300bits of essential information.

Proposal #1: RAN2 should define a new MTC SIB containing only the most important IEs needed by Rel-13 LC UEs and for CE.

Proposal #2: The new MTC SIB’s subframe location, PRB location and MCS should be defined within the standard.

Proposal #3: RAN2 should study the modification period for new MTC SIB contents in order to meet CE repetition requirements.
Observation #2: Non LC UEs using small amounts of CE may be able to operate without LC UE new MTC SIB limitations. 
Proposal #4: RAN2 should consider allowing a means for LC UEs to receive some legacy SIBs such as SIBs 3 and 4 for mobility. 
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8 Appendix 1 New MTC SIB content size estimates
	Legacy SIB1 Information
	Size (bits)

	PLMN-IdentityList
	28 (up to 168)

	TrackingAreaCode
	16

	CellIdentity
	28

	CellBarred
	1

	CellSelectionInfo
	10

	p-Max
	7

	Tdd-Config
	1

	systemInfoValueTag*
	6

	Ims-EmergencySupport-r9
	1

	Total for SIB1 IEs
	98 (up to 238)


*Notes: 

If 3 PLMN identities would be acceptable the size of the legacy SIB1 information would be 154bits

The systemInfoValue Tag in the new MTC SIB will reflect the changes of the new MTC SIB or SIBs.

The following IEs from legacy SIB1 have been omitted:

1. Frequency reselection 

2. csg

3. SIB scheduling

4. Mulitband

5. Cat0 allowed (Any other category, including category , that uses this SIB for CE should act within the constraints of the mode of operation.

SIB1 contents total 154bits
	Legacy SIB2 Information
	Size (bits)
	Notes:

	ac-BarringInfo*
	14
	

	RadioResourceConfig Common (UL)
	70 (est.)
	A subset of RadioResourceConfigCommon IEs 

	Rach preambles LCUE*
	20 (est.)
	New preamble range served for LC UEs. Use of these preambles indicates to eNB that a LC UE is transmitting

	Ue-TimersAndConstants
	21
	

	Ul-CarrierFreq
	15
	

	Ul-Bandwidth
	3
	

	TimeAlignmentTimer
	4
	

	Total for SIB2 IEs
	127
	


*Notes:

1. A simplified AC barring is assumed for the LC UEs.

2. A new dedicated PRACH preamble range for LC UEs is anticipated

The following IEs from SIB2 have been omitted:

1. AC Barring options

2. Several parts of and options of RadioResourceConfigCommon

3. Multiband information

SIB2 contents 127 bits

The total size of a New MTC SIB containing elements of SIBs 1 and 2 for LC UEs, assuming 3PLMN identities are used, is 281bits. Some more bits specifically for Rel.-13 LC UEs and coverage enhancement may be added.

Appendix 2 Additional SIB information 

SIB 9 (up to 384 bits) contains the name of a HeNB. The information may be applicable to a LC UE used for home automation. The option to receive SIB-9 may be allowed. The setup and the scheduling of HeNB operation may be considered a special operating case and alternatives to the use of SIB 9 may be possible. 

SIB 16 (58 bits) contains accurate time information that may be useful to LC UEs especially if they sleep for long periods. A means to receive this SIB may be useful. Receiving the legacy SIB16 will not be practical for UEs in coverage enhancement because it will change frequently, which means that multiple copies could not be accumulated. One possible solution would be to transmit the same accurate time information for a future time repeatedly in the new MTC SIB with enough repeats for a UE in coverage enhancement to decode it and then use another subsequent transmission in the form of a system time marker to be taken as the time at which the previously decoded time information should be applied. 

SIB10 (98bits) contains ETWS information which could be useful for LC UEs and UEs of all categories in coverage enhancement. SIB-11 contains more ETWS information but can be longer depending on message content. SIB12 contains CMAS information. Restrictive scheduling could be applied to enable reception.  Alternatively, in an emergency an ETWS alert could be transmitted as a priority broadcast with repetition and robust coding within a 6PRB block, for the benefit of all LC UEs in normal and enhanced coverage.
SIB-13 and SIB 15 contain MBMS information

SIB-17 contains WLAN traffic steering information

Longer legacy SIBs could only be scheduled for LC UEs if they were partitioned into smaller parts which would make them incompatible with legacy UEs.
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