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Discussion and decision
1 Introduction
Some progress was achieved on MTC SIBs in the last meeting. 
Agreements
1
Independent information in MIB to determine if a cell supports Rel-13 low complexity UE category and Rel-13 enhanced coverage (EC) functionality. 

2
We apply the current SI message concept to EC/LC, i.e., one or more SIBs can be multiplexed into an SI message

5 
As baseline the UE accumulates SI messages from a single extended SI window (legacy behaviour). 
Can evaluate whether acquisition of SI messages across multiple SI window (interleaved) and interleaved SI messages decoding is feasible. 

6
The transmission occasions within a SI Window are provided in SIB1.

7
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. 

According to RAN1 study [1], the number of repetitions required for SIB in order to support coverage enhancement can be very large, e.g. for SNR of -14.3dB, ~150 repetitions are required for SIB size of 328 bits (10MHz system bandwidth, 1Rx antenna, 6 PRBs, EPA (1 Hz) channel, 1% BLER target).  In this contribution, we present our views on the further design aspects of SIBs for Rel-13 MTC.
2 SIBs for Rel-13 MTC
For MIB, RAN1 agreed that repetition shall be introduced within the 40ms cycle and is always transmitted in every 40ms cycle. For SIBs, SI transmissions in Rel-12 can be repeated within the corresponding SI-window. To achieve the required coverage extension, a few possible approaches are as follows:

i) More repetitions within the SI-window and UE combines SI messages received within the SI-window

· This complies with existing SI repetition framework.

· The maximum SI-window length today is 40ms. Due to the very large number of repetitions required by RAN1, the SI-window length needs to be increased. Increasing the SI-window length also has the benefit of increasing time diversity gain as observed by RAN1 for “discontinuous repetition” [4]. 
· To allow for flexible Rel-13 MTC SI overhead control, separate SI periodicity for Rel-13 MTC SI than the SI periodicity for legacy UEs can be configured. 
· To ensure all Rel-13 MTC SIBs can be accommodated within the SI modification period, a separate SI modification period for Rel-13 MTC SIBs is needed. 
ii)  UE combines SI messages across SI-windows 

· Combining SI messages across SI-windows is generally not allowed today because certain SIBs such as SIB1 and SIB14 can change across SI-windows. Furthermore, the network can in principle choose to change SI content without notifying UE. Therefore, this option is not in line with existing SI transmission principle.

· Combining a SI message across SI-windows can take a long time. UE will need to buffer the intermediate information bits during the long combining process. For Rel-13 low complexity UE with limited buffer space, this could result in very limited buffer space for other messages. 
· Combining a SI message across SI-windows has the benefit of increasing time diversity gain as observed by RAN1 for “discontinuous repetition” [4], but it should be noted that similar benefit can also be obtained with increased SI-window length. Also, the benefits from maximizing time diversity are diminished due to frequency hopping and may not even exist for the coverage limiting channels, such as a Ricean fading channel [5]. 
Based on the above properties, option (i) is preferable. Furthermore, the same principle for supporting SI message repetitions can also be used for supporting MTC SIB1 repetition, by introducing the concepts of SIB1-window and SIB1-periodicity (analogous to SI-window and SI-periodicity). Further study can be done on how the UE should determine the start of the windows, the window lengths and the periodicities for MTC SIB1 and MTC SI messages. Our proposals are summarized below.
Proposal 1: Support coverage enhancement for SIBs by enabling more repetitions within the SI-window and UE combines SI messages received within the SI-window. The SI-window length needs to be increased to enable large number of repetitions and to obtain time diversity gain. 

Proposal 2: To allow for flexible Rel-13 MTC SI overhead control, separate SI periodicity for Rel-13 MTC SI than the SI periodicity for legacy UEs can be configured.
Proposal 3: Reuse the principle for supporting SI messages repetitions for supporting MTC SIB1 repetition by introducing the concepts of SIB1-window and SIB1-periodicity.
Proposal 4: All Rel-13 MTC SIBs, including repetitions, should be transmitted within a SI modification period. Since the SI modification period for Rel-13 MTC SIBs would be large, a separate SI modification period for Rel-13 MTC SIBs than for legacy UEs can be configured.
Moreover, the UE is required to receive MIB first, which is then followed by MTC SIB1, which is in turn followed by MTC SIB2 and the other SIBs. Therefore, it is beneficial that within a MTC SI modification period, MTC SIB1, MTC SIB2 and the other MTC SIBs (can be mapped to the same SI message) are transmitted sequentially in the same order. Furthermore, the repetitions for MTC SIB1, MTC SIB2 and the other SIBs should not interleave in time, so that the UE can decode the messages one after the other in the same order, without the need to buffer intermediate soft buffer bits. Avoiding interleaving of MTC SIB1 and the other MTC SIBs can be achieved with Proposal 3 (SI messages are not interleaved in Rel-12). Figure 1 shows an example of the MTC SI transmission framework.
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Figure 1: Example of MTC SI transmission framework
Proposal 5: Within a MTC SI modification period, the MTC SIB1, MTC SIB2 and the other MTC SIBs (can be mapped to the same SI message) are transmitted sequentially in time in the same order. 
Proposal 6: The repetitions for MTC SIB1, MTC SIB2 and the other SIBs do not interleave in time, so that the UE can decode the messages sequentially in the same order, without the need to buffer intermediate soft buffer bits.
Table 1 provides an example of estimated number of repetitions for SIB1-5, based on RAN1 LS [1] for  SNR of -14.3dB, (10MHz system bandwidth, 1Rx antenna, 6 PRBs, EPA (1 Hz) channel, 1% BLER target).  SIBs 3-5 are combined in the same SI message to reduce the number of repetitions. It is assumed here that 4 subframes per frame (SF#0, 4, 5, 9) can be utilized for SI transmissions. Our first observation is that MTC SI-window length can at least include values such as 380ms & 750ms. To handle the worst case of 1000 TBS, it would also be recommended to include 1250ms. The duration required to transmit a complete set of SIB1-5 is about 1.5 seconds for this example, well within the maximum SI modification period of 10.24 seconds, considering also the need to provision for other SIBs transmission and multiple MTC SI windows within the MTC SI modification period.
Table 1: Example estimated number of repetitions for SIBs
	SI
	SIB
	Typical size
	Approx # repetitions (subframes)
	Approx # frames (assume 4 subframes per frame) 

	SI msg 0
	SIB1
	~ 200
	115 →150*
	38

	SI msg 1
	SIB2
	~ 240
	125→150*
	38

	SI msg 2
	SIB3+4+5
	~ 560
	270→300*
	75


* To allow for some margin.
Observation 1: MTC SI-window length can at least include values such as 380ms, 750ms & 1250ms.

Observation 2: The duration required to transmit a complete set of MTC SIBs is well within the maximum SI modification period of 10.24 seconds.
3 SIB update for Rel-13 MTC

It is also realized that the legacy SIB update would not be re-used for Rel-13 low complexity UEs in enhanced coverage because the paging message indicating SI update might not be successfully decoded within the legacy modification period. In order to ensure the successful decoding of the paging messages repeatedly transmitted for the enhanced coverage, a longer separate modification period is also needed (MTC SI modification period). A few possible solutions are as follows:
i) Paging with MTC SI modification period
This solution is almost same as the legacy. The paging message is still used to indicate whether SI update happens or not. The paging message is addressed by P-RNTI delivered over MTC EPDCCH, or a new approach, i.e. PDCCH-less paging message may be introduced. 
With the solutions, Rel-13 low complexity UE shall try to decode the paging message at least once every MTC modification period. If the paging message indicates SI update, the UE starts to obtain the updated SI at the next MTC modification period.
ii) Check Value Tag for every MTC SI modification period

This solution is to include a Value Tag in Rel-13 MTC SIB. It is very similar to IE systemInfoValueTag in legacy SIB1. With the solution, Rel-13 low complexity UE shall try to decode the new Value Tag at least once every MTC modification period. The Value Tag increases by one whenever SI update occurs. If the received Value Tag is different from the stored information, the UE starts to obtain the updated SI at the next MTC modification period.
The above two solutions are designed based on MTC modification period. These solutions may not be suitable to some of Rel-13 low complexity UEs. For example, the MTC devices used as (water/gas) meters would send their data to service provider once a month. It would be heavy burden to always update the latest SI to these kinds of devices. According to use cases, it could be desirable to apply separate SI update mechanism. For example,
iii) Check Value Tag only when accessing
With the solution, the modification period is not considered. Still, new Value Tag in Rel-13 MTC SIB can be utilized. But, Rel-13 low complexity UE need not check the Value Tag except for access. Whenever the UE accesses the cell, the UE shall check the Value Tag. If the received Value Tag is different from the stored information, the UE first obtains the updated SI before accessing.
Currently, we have no strong preference on the SI update enhancement, but we assume the first solution can be a baseline as a starting point of the discussion.
Proposal 7: RAN2 to discuss SI update enhancement with the following candidates:

a) Paging with a longer separate modification period (MTC modification period)
b) Check Value Tag for every MTC modification period

c) Check Value Tag only when accessing

4 Conclusions

In this contribution, we presented our views on the design of SIBs for Rel-13 MTC. Our observations and proposals are summarized below.

SIBs for Rel-13 MTC
Proposal 1: Support coverage enhancement for SIBs by enabling more repetitions within the SI-window and UE combines SI messages received within the SI-window. The SI-window length needs to be increased to enable large number of repetitions and to obtain time diversity gain. 
Observation 1: MTC SI-window length can at least include values such as 380ms, 750ms & 1250ms.

Proposal 2: To allow for flexible Rel-13 MTC SI overhead control, separate SI periodicity for Rel-13 MTC SI than the SI periodicity for legacy UEs can be configured.
Proposal 3: Reuse the principle for supporting SI messages repetitions for supporting MTC SIB1 repetitions by introducing the concepts of SIB1-window and SIB1-periodicity.
Proposal 4: All Rel-13 MTC SIBs, including repetitions, should be transmitted within a SI modification period. Since the SI modification period for Rel-13 MTC SIBs would be large, a separate SI modification period for Rel-13 MTC SIBs than for legacy UEs can be configured.
Observation 2: The duration required to transmit a complete set of MTC SIBs is well within the maximum SI modification period of 10.24 seconds.
Proposal 5: Within a MTC SI modification period, MTC SIB1, MTC SIB2 and the other MTC SIBs (can be mapped to the same SI message) are transmitted sequentially in time in the same order. 
Proposal 6: The repetitions for MTC MIB, MTC SIB1, MTC SIB2 and the other SIBs do not interleave in time, so that the UE can decode the messages sequentially in the same order, without the need to buffer intermediate soft buffer bits.
SI update for Rel-13 MTC
Proposal 7: RAN2 to discuss SI update enhancement with the following candidates:
a) Paging with a longer separate modification period (MTC modification period)
b) Check Value Tag for every MTC modification period

c) Check Value Tag only when accessing
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Appendix
Table 2 summarizes the approximate number of repetitions required at SNR = -4dB. Note that each SIB transmission uses 6 PRBs.

Table 2. Approximate number of repetitions required (SNR = -4dB).
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	4-7
	16
	2
	7
	1-2
	10
	1
	2

	328
	6-12
	16-32
	4-6
	10
	2-3
	4-15
	1-2
	2-5

	504
	12-15
	30-40
	8-12
	12-20
	3-5
	8-18
	2-3
	3-7

	1000
	20-24
	40-80
	15-25
	20-40
	6-10
	16-25
	4-8
	6-12


Table 3 summarizes the estimated number of repetitions required at SNR = -14.3dB 
Table 3. Approximate number of repetitions required (SNR = -14.3dB).
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	60
	100
	40
	80
	30
	50
	25
	40

	328
	100
	150
	60
	100
	40
	75
	35
	60

	504
	120
	x
	100
	x
	50
	x
	50
	x

	1000
	160
	~500
	120
	x
	80
	x
	x
	x
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