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1. Introduction
In RAN1#79, we made agreements on SIB transmission as follows [1]: 
· RAN1 recommends that RAN2 consider introducing new 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 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
· Send the above recommendation and the WA and agreements from RAN1#78bis to #79 on TBS in an LS to RAN2
In addition to the agreements, we found following observations on SIB transmission performance:
· RAN1 has considered the performance of SIB for Rel-13 low-complexity UE
· Simulation scenario – 10MHz system bandwidth, 1Rx antenna, 6 PRBs, EPA (1 Hz) channel, 1% BLER target
· RAN1 did not consider coverage enhancement techniques except for repetition techniques
· Based on simulation results provided in RAN1#79, it is seen that, for Rel-13 low complexity UE in normal coverage (SNR = -4dB)
· Repetition is required to transmit SIB messages
· The number of repetitions can be high
· e.g.  16-32 repetitions are required for SIB size of 328 bits
· The number of repetitions increases with the SIB size
· e.g.  16-32 repetitions are required for SIB size of 328 bits, 30-40 repetitions are required SIB size of 504 bits
· For a given SIB size, FFS whether it may be more efficient to use one SIB rather than multiple smaller SIBs
· [e.g. 40-80 repetitions are required for SIB size of 1000 bits, while 30-40 repetitions are required for SIB size of 504 bits]
· Based on simulation results provided in RAN1#79, it is seen that, for Rel-13 low complexity UE in enhanced coverage (SNR = -14.3 dB)
· The number of repetitions can be very high
· e.g.  150 repetitions are required for SIB size of 328 bits
· The number of repetitions increases with the SIB size
· [e.g.  100 repetitions are required for SIB size of 152 bits, 150 repetitions are required SIB size of 328 bits]
· For a given SIB size, FFS whether it may be more efficient to use one SIB rather than multiple smaller SIBs
· Note that SIB results for UE in enhanced coverage are only from one company, so above observation for UE in enhanced coverage is based on a preliminary RAN1 evaluation results and RAN1 will continue to evaluate it
· RAN1 will evaluate SIB results for UE in enhanced coverage until 15th January, 2015 – Johan (Ericsson)
In this contribution, we show MTC SIB performance results and discuss several aspects of common control message transmission for MTC. 

2. SIB performance results
We evaluate the SIB performance according to the simulation assumptions as shown in Table 1. 

Table 1 Simulation assumptions for SIB performance evaluation.
	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2 GHz (FDD)

	Antenna configuration
	2x1, low correlation

	Channel model, Doppler spread
	EPA 1Hz, ETU 30Hz

	TBS
	328, 504, [1000] bits

	Number of RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	100Hz

	Performance target
	1% BLER

	Channel estimation
	Cross subframe for continuous transmission
Single subframe for discontinuous transmission


In Table 2, we show the performance results of continuous SIB transmission and discontinuous SIB transmission over EPA channel, respectively. In Table 3, we show the performance of discontinuous transmission. As shown in results in Table 2 and Table 3, the discontinuous SIB transmission can significantly reduce the number of repetitions because of time diversity gain. 

Table 2 SIB performance results over EPA channel. (a) Normal coverage and (b) enhanced coverage
(a) Normal coverage (SNR = -4dB)
	Transmission scheme
	Continuous transmission
	Discontinuous transmission

	Channel
	EPA 1Hz
	EPA 1Hz

	TBS
	328
	504
	328
	504

	Repetition number
	27
	41
	14
	17


(b) Enhanced coverage (SNR = -14.3 dB)
	Transmission scheme
	Continuous transmission
	Discontinuous transmission

	Channel
	EPA 1Hz
	EPA 1Hz

	TBS
	328
	504
	328
	504

	Repetition number
	365
	445
	106
	136





Table 3 Discontinuous SIB performance results. (a) Normal coverage and (b) enhanced coverage
(a) Normal coverage (SNR = -4dB) 
	Channel
	EPA 1Hz
	ETU 30Hz

	TBS
	328
	504
	328
	504

	repetition number
	14
	17
	5
	7


(b) Enhanced coverage (SNR = -14.3 dB) 
	Channel
	EPA 1Hz
	ETU 30Hz

	TBS
	328
	504
	328
	504

	repetition number
	106
	136
	100
	140



As illustrated by our simulation results, discontinuous transmission (repetition in every 20msec) of SIB repetition shows better performance thanks to time diversity. As long as the latency of SIB acquisition is not a big concern, discontinuous transmission also minimizes the spectral efficiency degradation from possible of SIB repetitions. Thus, we propose discontinuous transmission of SIB where MTC SIB-1 is transmitted once in every ‘m’ (e.g., m = 2) radio frames. 
Proposal 1: MTC SIB-1 is repeated in a discontinuous manner for example one subframe in every 20 ms.

In addition, SIB transmission with larger TBS requires larger number of repetitions, which results in SIB acquisition latency. If we should consider the SIB acquisition latency, the TBS restriction for MTC can be considered.
Proposal 2: TBS restriction for MTC can be considered.

3. Common control message transmission for MTC
3.1. SIB transmission
As agreed in RAN1#79, a new SIB will be transmitted for a low complexity UE. Though the design of new SIB(s) is up to RAN2, it can be assumed that at least one SIB is transmitted (called MTC SIB-1). Following the same procedure of SIB acquisition, at least time-frequency resource for MTC SIB-1 transmission should be known to MTC UE. For example, subframe number, periodicity, and/or repetition number should be pre-defined. Regarding resource location of MTC SIB-1 transmission can be chosen to maximize the efficiency, for example, utilizing subband hopping, and minimize the impact on legacy UEs. 
[bookmark: _GoBack]Proposal 3: Time-frequency resource for MTC SIB-1 transmission can be predefined.
According to current specification, SIB-1 is transmitted every 20 ms with 80 ms periodicity, which means 4 repetitions within one period. From results in Table 3, 70 and 89 periods of SIB-1 transmission (5.6 seconds and ~7.2 seconds) is required to detect SIB-1 with 1000 bits TBS in CE mode. Since the evaluation results are based on the transmission over 6 PRB, more repetition numbers may be required assuming the less frequency resource allocation. Since MTC UE is not required to receive broadcast and unicast data simultaneously, it is desirable to allocate whole frequency resource for SIB transmission. 
Proposal 4: MTC SIB should be transmitted over 6 PRBs.
According to the current specification, SIB transmission is dynamically scheduled by DCI format 1C on PDCCH. If time-frequency resource may be fixed for SIB transmission, the remaining field would be TBS. Therefore, we can consider MTC SIB transmission without PDCCH. Though that the content of SIB may change, we may assume that MTC SIB-1 content is fixed and TBS for SIB-1 is fixed. For the TBS, resource location of successive SIB(s) if any can be indicated by MTC SIB-1. In that sense, SIB transmission without PDCCH can be considered. 
Another point to be discussed on SIB transmission for MTC is how to design SIB periodicity with consideration of both low complexity (i.e. LC) aspect and coverage enhancement (i.e. CE) aspect. On this point, following two approaches can be considered. 
· Approach 1) single SIB periodicity with adjustment of SI update period: With this approach, based on a single SIB periodicity, LC and CE can be supported by adjusting SI update period. More specifically, SI update period may need to be extended to support CE for repetition compared to the LC only case. 
· Approach 2) additional repetition for CE on top of periodic SIB for LC: With this approach, on top of periodic SIB transmission for LC, additional SIB repetition (burst) is transmitted to support CE. Considering system overhead, this SIB burst may need to be transmitted by intermittent manner. 
Between two approaches above, Approach 1 is preferred for simplicity and with consideration of system overhead and UE complexity as long as significant problem is not observed in aspects of performance loss and SI update latency. 

3.2. Paging/RAR transmission for MTC
In the last meeting, whether to introduce CSS for SIB/paging/RAR was discussed. For SIB transmission, since it will occupy 6PRBs and the periodicity can be prefixed, control channel-less operation can be considered. Regarding paging and RAR, though that the time and frequency resource may be prefixed, whether TBS is prefixed seems questionable. Regarding paging, TBS may change depending on the reason of paging and the number of UEs multiplexed within one paging message and TBS of RAR also change per the number of multiplexed UEs. To eliminate control channel TBS of paging/RAR needs to be fixed, which considerably impacts the multiplexing flexibility and the latency of paging/RAR. Another issue is the difficulty of adapting repetition level of paging/RAR. As agreed in the last meeting, paging may have multiple repetition levels where the repetition level for a specific UE can change over the time. If control channel is not used, changing repetition levels across paging trials becomes challenging. Thus, we propose to introduce common search space.
Proposal 5: Introduce common search space of ‘Physical downlink control channel for MTC’.

4. Conclusions
In this contribution, we show SIB evaluation results and discuss on SIB, paging, and RAR transmission for MTC UEs. Based on the discussion, we propose as followings:
Proposal 1: MTC SIB-1 is repeated in a discontinuous manner for example one subframe in every 20 ms. 
Proposal 2: TBS restriction for MTC can be considered.
Proposal 3: Time-frequency resource for MTC SIB-1 transmission can be predefined.
Proposal 4: MTC SIB should be transmitted over 6 PRBs. 
Proposal 5: Introduce common search space of ‘Physical downlink control channel for MTC’.
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