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1 Introduction

RAN1 sent an LS [1] including an attachment [2] which provided a summary of simulation results for SIB transmission that were presented at RAN1#80 by different companies for Rel.13 MTC. This contribution strives to build on RAN2 details based on RAN1 observations for SIB transmission.
2 Discussion
2.1 RAN1 results
The below tables analyse the information available from the RAN1 simulations. 
Table 1: Discontinuous repetition - SIB transmitted every 20 ms.

	TB size
	328
	504
	1000

	20 ms interval
	Min
	Max
	Min
	Max
	Min
	Max

	number of repetitions
	100
	209
	135
	275
	200
	605

	time required to transmit the TB (in ms)
	2000
	4180
	2700
	5500
	4000
	12100

	time required to transmit each bit (in ms)
	6.10
	12.74
	5.36
	10.91
	4.00
	12.10

	average time required to transmit each bit (in ms)
	9.42
	8.13
	8.05

	time required to transmit 2000 bits (in Sec.)
	18.84
	16.27
	16.10

	Difference in performance (1000 Vs 328 TBS size)
	17.03%

	Difference in performance (1000 Vs 500 TBS size)
	1.05%


Table 2: Continuous SIB repetition

	TB size
	328
	504
	1000

	20 ms interval
	Min
	Max
	Min
	Max
	Min
	Max

	number of repetitions
	300
	365
	373
	500
	535
	660

	time required to transmit the TB (in ms)
	300
	365
	373
	500
	535
	660

	time required to transmit each bit (in ms)
	0.91
	1.11
	0.74
	0.99
	0.54
	0.66

	average time required to transmit each bit (in ms)
	1.01
	0.87
	0.60

	time required to transmit 2000 bits (in Sec.)
	2.03
	1.73
	1.20


2.1.1 Continuous Vs. Discontinuous

In case of Continuous repetitions, it takes at least 1.2 seconds to acquire System information (assuming 2000 bits for MTC) when using a TBS size of 1000 bits. Assuming that the MTC transmission is always performed on the 6 PRBs (due to Low Complexity requirements) and further assuming that broadcast overhead for any system should be reasonable (say less than 5%; which basically means that this 1.2 seconds long System information transmission occurs once in 24 sec. long cycle), this will incur an average delay of 12 (= ½ (1.2/5%)) seconds in acquiring System information. From data transmission perspective every 22.8 (= 24 – 1.2) seconds there will be an interruption of 1.2 seconds even if the UE has already acquired the required System information!
Comparing this with Discontinuous repetitions, an interruption of e.g. 1 ms. every 20 ms (or equivalently ‘x’ subframes every ‘y’ frames) seems more acceptable. The initial time to acquire System Information of ~16 sec (compared with 12 sec in case of Continuous repetitions) might still be acceptable given the delay tolerant nature of an MTC application. Further, RAN1 seems to unanimously agree that Temporal spreading of the retransmissions can provide significant time diversity gains.
Therefore, 
Proposal 1: Discontinuous repetitions of SIBs/ SIs are adopted instead of Continuous repetitions for SI transmission.  
Time required to transmit would be larger than 10.24 second, which is the maximum SFN length. Therefore, SFN needs to be extended in order to support SIBs for Rel.13 MTC.
Proposal 2: SFN range needs to be extended beyond 10.24 second. 
2.1.2 How many HARQ Processes?

As can be seen from the diagrams below, there are at least three ways to arrange the SI transmission with/ without interleaving of SI/ SIB:

In the first scheme, the maximum number of transmission for a SIB/ SI is completed and then the transmission for the next one starts:
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Figure 1: Scheme 1
In the second scheme, SIB/ SIs are interleaved but still a broadcast is made only once in each 20 ms period. This scheme should further benefit from the time diversity and likely fewer transmissions than maximum number of transmission for a SIB/ SI in the first scheme would be required.
As the receiver behaviour, two schemes are possible. Scheme A is to have more than one HARQ process (as many as the number of interleaved SIs). Then, after one cycle of SI transmission period, UE could receive multiple SIs simultaneously. Scheme B is the receiver has only one HARQ process and only to receive one SI during one SI transmission period. In order to receive "n" SIs, UE needs to receive "n" cycles of SI transmission periods.
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                                                                                Figure 2: Scheme 2
In the third scheme, only the corresponding SIB/ SI transmission are spread by 20 ms; whereas the broadcasting is taking place every 10 ms (in 2 SIB/ SI interleaving case) as shown below:
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Figure 3: Scheme 3
In the table below a comparison is made among the three schemes.

	
	Advantages
	Disadvantages

	Scheme 1
	Requires one HARQ process/ buffer in the MTC devices

Good from Broadcast Overhead perspective (5% = 1/20) 
	Could require some more transmissions than scheme 2A.

	Scheme 2
	Best from Broadcast Overhead perspective (<5%)
	Scheme A: Requires more than one HARQ process (as many as the number of interleaved SIs)
Scheme B: Longest time required to receive multiple SIs.

	Scheme 3
	Quickest total System Information acquisition
	Requires more than one HARQ process (as many as the number of interleaved SIs)

Double the Broadcast Overhead perspective (10%)


Given the delay tolerant nature of the MTC application, the real choice is between Schemes 1 and 2. If Low Complexity/ Cost discourage more than 1 HARQ buffer for broadcast then Scheme 1 is the way to go which also maintains our legacy principle of no overlapping SI-windows. However, from Coverage Extension perspective, Scheme 2 might be better suited.

Therefore,

Proposal 3: RAN2 should confirm if the Low Complexity and Coverage Extension solutions needs to be unified or can there by two parallel solutions (including even System Information e.g. SIB-X_LC and SIB-X_EC).
Proposal 4: Scheme 1 (1 HARQ process, the maximum number of transmission for a SIB/ SI is completed and then the transmission for the next one starts) is adopted for Rel. 13 ‘Further LTE Physical Layer Enhancements for MTC’.
2.1.3 PDCCH less operation

Both RAN1 and RAN2 (e.g. as below) has made it clear that the SI transmission for MTC usage should not be based on dynamic scheduling. 
	Agreement in RAN2#89:

From RAN2 point of view the “SIB1” for LC/EC UEs could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH.


Therefore, the “‘x’ subframes every ‘y’ frames” should be known to the UE. The easiest from RAN2 perspective is to re-use the ‘MBSFN-SubframeConfig’ like configuration wherein the network could choose a suitable radioFrameAllocationPeriod based on MTC SI load and required time diversity. RAN2 should further discuss if the same configuration would be applicable both on normal as well as MBSFN subframes.

Proposal 5: Re-use the ‘MBSFN-SubframeConfig’ like configuration for MTC SI transmission.

Proposal 6: RAN2 should discuss if MBSFN knowledge is important for MTC devices.

2.1.4 TB size
TBS of 328 bits is 17% less efficient compared with TBS of 1000 bits. TBS of 500 bits is almost equally efficient (or inefficient) as 1000 bits TBS. However, from RAN2 perspective this is not a significant constraint since even if we have MTC SIBs that are smaller than 500 bits, network might be able to combine such SIBs in one SI while keeping the bigger one(s) in an SI of their own.
Therefore, no optimizations are required to avoid smaller SIB sizes (that might be coming from the corresponding legacy SIB by cutting out information/ IEs un-necessary for MTC operation) and RAN2 only needs to ensure that no SIB exceeds 1000 bits.
Proposal 7: The mechanism to combine SIBs in one SI is kept also for Rel.13 MTC SIB transmission.
Proposal 8: No optimizations are required to avoid smaller SIB sizes and RAN2 only needs to ensure that no SIB exceeds 1000 bits.

3 Conclusion
This document tried to build RAN2 details based on RAN1 observations for SIB transmission and made the following proposals:
Proposal 1: Discontinuous repetitions of SIBs/ SIs are adopted instead of Continuous repetitions for SI transmission.  
Proposal 2: SFN range needs to be extended beyond 10.24 second. 
Proposal 3: RAN2 should confirm if the Low Complexity and Coverage Extension solutions needs to be unified or can there by two parallel solutions (including even System Information e.g. SIB-X_LC and SIB-X_EC).
Proposal 4: Scheme 1 (1 HARQ process, the maximum number of transmission for a SIB/ SI is completed and then the transmission for the next one starts) is adopted for Rel. 13 ‘Further LTE Physical Layer Enhancements for MTC’.
Proposal 5: Re-use the ‘MBSFN-SubframeConfig’ like configuration for MTC SI transmission.

Proposal 6: RAN2 should discuss if MBSFN knowledge is important for MTC devices.

Proposal 7: The mechanism to combine SIBs in one SI is kept also for Rel.13 MTC SIB transmission.
Proposal 8: No optimizations are required to avoid smaller SIB sizes and RAN2 only needs to ensure that no SIB exceeds 1000 bits.
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