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1. Introduction

In the previous RAN1#78bis meeting, following agreement and working assumptions were firstly made on UE complexity reduction for Rel-13 MTC enhancement in terms of maximum TBS restriction for unicast/ broadcast data transmission [1]. 
	Agreement:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
Working assumptions:
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.
· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs

· FFS: UE behavior
Working assumptions:
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain


In this paper, based on the consensus above, we discuss and provide our view on common control message (such as SIB, paging, and RAR) transmission for MTC UEs in terms of UE complexity reduction and coverage enhancement. 
2. Discussion 
2.1. SIB transmission for MTC

Regarding the working assumption on the maximum TBS restriction (i.e. no more than 1000 bits) for broadcast data transmission, it is necessary to consider separate SIB transmission between MTC UEs and normal legacy UEs. In other words, it is needed to design new SIB dedicated for MTC UEs in aspects of contents (decided by RAN2) and transmission (decided by RAN1). 
Considering additional control resource overhead required for MTC UEs and common design with repetition based coverage enhancement, (MTC-dedicated) SIB transmission without (E)PDCCH can be considered at least for SIB1. One point to be discussed on this (E)PDCCH-less SIB1 is determination of time/frequency location for the SIB1 transmission with consideration of reduced MTC BW. On this point, following two options can be considered as candidate of SIB1 location. 

Option 1) fixed frequency location 
With this option, MTC-dedicated SIB1 is transmitted in a fixed frequency location (i.e. within a fixed 6 RB region) with predefined time period. The fixed frequency location can also be predefined as center 6 RB region or determined based on cell ID or indicated via PBCH. 

Option 2) time-varying frequency locations 
With this option, location of MTC-dedicated SIB1 can be changed according to predefined time/frequency pattern. For example, in the timing T1, SIB1 is transmitted via frequency location F1 which is pre-linked to T1 while SIB1 in T2 is transmitted via F2 pre-linked to T2.

Between two options above, Option 1 is preferred for simplicity and with consideration of UE decoding complexity/power consumption. Option 2 may be further considered if congestion on a fixed frequency location due to SIB1 would be identified as problematic with Option 1. 

Secondly, on the determination of time/frequency location for other SIB transmission, unlike the SIB1 transmission using predefined resource above, flexible and efficient resource allocation would be possible without increase of UE burden in terms of decoding complexity/power consumption, by considering one of two options below.

Option 1) scheduled by (E)PDCCH

With this option, in a given time/frequency region (preconfigured via SIB1), actual resource allocation for other SIB transmission is scheduled by (E)PDCCH. In this case, scheduling manner would be different between SIB1 (predefined without (E)PDCCH) and other SIBs (with (E)PDCCH). 
Option 2) scheduled by SIB1

With this option, time/frequency resource allocation (and other DCI such as MCS/TBS) for other SIB transmission is indicated via SIB1. In this case, based on actual scheduling from SIB1, (E)PDCCH-less transmission can be possible for other SIBs as well. 
Between two options above, Option 2 is preferred, for example, at least for the SIBs required in coverage enhancement mode, with consideration of control resource overhead (and its increase by repetition based coverage enhancement). 

Proposal 1: Consider separate SIB transmission between MTC and normal legacy UEs
Proposal 2: Consider (E)PDCCH-less SIB1 transmission via a fixed time/frequency location
Proposal 3: Consider (E)PDCCH-less transmission for other SIBs which are scheduled by SIB1
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/UE complexity, as long as significant problem is not observed in aspects of performance loss and SI update latency. 
Figures 1 and 2 show PDSCH performance comparison between contiguous 10 time repetition and distributed 10 time repetition with period of 20 msec, for a given data size of 328 bits and according to Doppler spread (other simulation parameters provided in Table 1 in Appendix). As shown in the figures, distributed repetition can achieve comparable or better performance than contiguous repetition. Besides, considering delay tolerant MTC application with low data rate, SI update latency might not be a critical issue. 
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Figure 1: Performance of contiguous and distributed repetition (Doppler spread = 1 Hz)
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Figure 2: Performance of contiguous and distributed repetition (Doppler spread = 30 Hz)

Proposal 4: Consider a single SIB periodicity with adjustment of SI update period for LC/CE MTC 

2.2. Paging/RAR transmission for MTC

Regarding paging or RAR transmission for MTC UEs with reduced BW, first of all, time period and frequency region within which actual transmission resource is allocated can be preconfigured via SIB. In case of paging or RAR, unlike the SIB targeting for all the UEs, those might be likely to target for certain UE (group). With this reason, for flexible and efficient resource utilization, (E)PDCCH based scheduling (for actual resource allocation) seems to be preferable for paging or RAR transmission. 

Proposal 5: Consider (E)PDCCH scheduling based paging/RAR transmission for MTC where the time 
period and frequency region for paging/RAR scheduling can be preconfigured by SIB
3. Summary and conclusions

In this paper, we discussed on SIB, paging, and RAR transmission for MTC UEs in terms of UE complexity reduction and coverage enhancement. Based on the discussion, we propose:
Proposal 1: Consider separate SIB transmission between MTC and normal legacy UEs

Proposal 2: Consider (E)PDCCH-less SIB1 transmission via a fixed time/frequency location
Proposal 3: Consider (E)PDCCH-less transmission for other SIBs which are scheduled by SIB1 

Proposal 4: Consider a single SIB periodicity with adjustment of SI update period for LC/CE MTC 

Proposal 5: Consider (E)PDCCH scheduling based paging/RAR transmission for MTC where the time 

period and frequency region for paging/RAR scheduling can be preconfigured by SIB
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Appendix

Table 1: Simulation parameters
	Parameter
	value

	System bandwidth
	10MHz

	FDD/TDD
	FDD

	Carrier frequency
	2GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA

	Doppler spread
	1Hz, 30Hz

	TBS
	328

	Number of RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	100Hz


