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1.
Introduction
As shown in WID [1], basically time domain repetition is considered as coverage enhancement techniques.
· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase. 
In this contribution, it is analysed to which system information there are impacts due to the time domain repetition. The discussion in this contribution is focused on MIB, SIB1, SIB2 and SIB14.
2.
Discussion 
Since RAN1 is currently discussing MIB coverage enhancements (i.e. the repetition burst within the 40ms PBCH cycle and configuration of transmission across 40ms cycles), it seems to be good to wait for the result of RAN1 discussion to avoid duplicate discussion.
Proposal 1 RAN2 is kindly asked to progress MIB enhancements if there are inputs from RAN1.
Regarding the system information for extended coverage mode UE, three possible alternatives were put on the table in RAN1#74bis meeting.

· Alt1: Re-use legacy SIBs at least for SIB1/2/14
· Alt 1a: Aggregation within SIB modification period w/o additional repetition
· Alt 1b: Aggregation with additional SIB repetition(s)
· Alt 2: new SIB for MTC coverage improvement
Before analysing above alternatives, background information for SIB1/SIB2/SIB14 is shown below. The SIB1/SIB2/SIB14 is scheduled on PDSCH. In order to read SIB, the UE has to read PDCCH with SI-RNTI in advance. For the UE to receive PDSCH/PDCCH in 20 dB coverage extension, the required amount of repetition in time domain is 100~200 for FDD [2]. Considering 15 dB coverage extension in this WI, it would require much less time domain repetitions compared to the amount required for 20dB target. In the following, 100 repetitions are assumed to be necessary for the extended coverage mode UE to decode PDSCH/PDCCH.
The SIB1 uses a fixed time schedule with a periodicity of 80 ms and 4 times repetition made within 80 ms. In case of SIB2/SIB14, the messages are transmitted within SI-windows using dynamic scheduling. The scheduling information is carried in SIB1. Hence, the UE has to read SIB1 prior to reading SIB2/SIB14.The length of the SI-window is common for all SI messages, and is configurable. Within the SI-window, the corresponding SI message can be transmitted a number of times in any subframes other than MBSFN subframes, uplink subframes in TDD, and subframe #5 of radio frames for which SFN mod 2 = 0 according to network implementation. 

Now it is analysed above three alternatives for SIB1/SIB2/SIB14 in terms of SIB acquisition delay, network operation flexibility, standardization impact and impact to normal UE. Although SIB acquisition delay and network operation flexibility are closely related, they are divided in the followings since SIB acquisition delay and network operation flexibility imply different view point (i.e. the former indicates UE point of view and the latter operator point of view.).
Alt 1a

In case of SIB1, assuming 100 repetitions, SIB1 acquisition delay is 2000ms (i.e. 80ms * 100 repetitions / 4 = 2000ms). Given that PDCCH is needed for scheduling every SIB1, similar amount of time is taken to decode PDCCH. Thus total delay for acquiring SIB1 is approximately 4 seconds, which means the network needs to schedule the same PDCCH content and SIB1 during this time period. 
Considering the latency resulted from SIB1/SIB2/SIB14 acquisition, the network is inevitably only allowed to use configuration which makes the modification period at least larger than 4 seconds. This imposes a restriction on network’s scheduling flexibility. Besides, in order to receive SIB2/SIB14 and PDCCH for SIB2/SIB14 correctly, the SIB and PDCCH location within SI-window is required to be fixed. Otherwise, the UE does not know in which subframe within SI-window the UE has to try to decode. This leads to a restriction on network’s scheduling flexibility.

However, it is necessary to note that sometimes the network is not able to adhere to the above restricted scheduling due to the urgency of the other message so that the extended coverage mode UE is not likely to receive required SIB correctly. For instance, if CMAS and ETWS information needs to be broadcasted, the extended coverage mode UE is not likely to acquire the enough number of SIB1 repetitions since the scheduling information in SIB1changes due to the urgency of CMAS and ETWS.

In case of SIB1, no additional repetitions are added, there is no standardization impact. In addition, for SIB2/SIB14, since currently it is already possible for the network to repeat SIB2/SIB14 message as many as possible within the SI-window according to network implementation, there is no standardization impact.

If any new parameters are added in SIB1, SIB2 or SIB14 for extended coverage mode UE and these SIBs change, the normal UE has to read SIBs more often. On the other hand, the some parameters in SIB1/SIB2/SIB14 do not seem to be necessary for the extended coverage mode UE. If these parameters change, the extended coverage mode UE unnecessarily has to read SIBs more. 
Alt 1b

Depending on the level of additional repetition, the total SIB1 acquisition latency could be much less than that of Alt 1a, which means the SIB2/SIB14 acquisition delay could also be diminished. 
Since SIB acquisition delay is relatively less than that of Alt 1a, the network is able to use various configurations for modification period. However, with the same reasoning of Alt 1a for SIB2/SIB14, the SIB and PDCCH location within SI-window is required to be fixed, which would result in a restriction on network’s scheduling flexibility. However, it is necessary to note that this alternative also has the same fragility of the scheduling restriction as Alt 1a due to CMAS and ETWS, which would result in decoding failure problem in extended coverage mode UE.

The additional repetition of SIB1 results in small standardization impact. In other words, the additional fixed location for SIB1 needs to be assigned. In case of SIB2/SIB14, there is no standardization impact with the same reasoning as in Alt 1a.
As in Alt 1a, the normal UE and the extended coverage mode UE unnecessarily has to read SIBs more.

Alt 2
The latency of using new SIB for extended coverage mode UE is always much less than that of Alt 1a and Alt 1b since the number of SIBs the UE has to acquire is reduced from 3 to 1. Furthermore, the latency of new SIB could additionally be reduced depending on scheduling method of new SIB. The new SIB could use predefined resources without any indication or it could be indicated by PDCCH or MIB. If new SIB is scheduled on predefined resources, it additionally saves SIB acquisition latency since the UE does not need prior information such as scheduling information. 
The much reduced SIB acquisition delay results in more flexibility in network operation such as flexibility in configuring modification period, less resources for SIB. 
However, defining new SIB leads to more standardization effort compared to other two alternatives. For instance, it is necessary to classify the necessary information for extended coverage mode UE from SIB1/SIB2/SIB14, define new resources for new SIB and how the new SIB is scheduled or indicated if necessary. 
For the normal UE point of view, there is no impact due to the new SIB. On the other hand, the extended coverage mode UE does not need try to read the existing SIBs.

The above explanation is simply summarized as follows.
	
	Alt 1a
	Alt 1b
	Alt 2

	SIB acquisition latency 
	High
	Medium
	Low

	Network operation
	Highest amount of resources is used for SIB.

Most restrictive for configuration and scheduling (However, sometimes the network cannot guarantee the enough repetitions for extended coverage mode UE)
	Medium amount of resources is used for SIB.

Restrictive for configuration and scheduling (However, sometimes the network cannot guarantee the enough repetitions for extended coverage mode UE)
	Least amount of resources is used for SIB.

Least restrictive for configuration and scheduling

	Standardization impact
	No
	Low
	Relatively high

	Impact to normal UE
	Read SIB more due to SIB change for extended coverage mode UE.
	Read SIB more due to SIB change for extended coverage mode UE.
	No impact


Note that considering the enhanced coverage mode is only intended for scenarios when a UE is only required to operate “delay tolerant” MTC applications, SIB acquisition latency does not seem to be crucial criterion for determining the SIB enhancement method. 
Based on the above analysis, we propose
Proposal 2 RAN2 is kindly asked to discuss on whether the further improvement is necessary for SIB for the UE using coverage enhancement mode.
3.
Conclusion
Regarding the coverage enhancement based on time domain repetition, we propose
Proposal 1 RAN2 is kindly asked to progress MIB enhancements if there are inputs from RAN1.

Proposal 2 RAN2 is kindly asked to discuss on whether the further improvement is necessary for SIB for the UE using coverage enhancement mode.
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