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1. Introduction
In RAN1#82 bis, the following agreements have been made regarding common control messages: 
· Confirm working assumption of PBCH repetition for enhanced frequency tracking.

· Symbols without CRS are repeated in symbols without CRS in a PBCH subframe

· Symbols with CRS may be repeated in symbols with CRS in a PBCH subframe

· FFS whether it  can be repeated in symbols without CRS

· Conclusion: acquisition of SI messages across SI windows is feasible in idle mode

· The maximum number of SI messages that can be acquired across SI windows is 4

· SIB1bis is transmitted periodically with a period of TSIB1bis radio frames

· Within a period, SIB1bis can be repeated a number of times

· RV cycling {0,2,3,1,…} is used for each SIB1bis transmission within a period

· SIB1bis transmission period TSIB1bis is predefined

· TSIB1bis = 8 radio frames

· Working assumption: Repetition number RSIB1bis within a period is derived from MIB

In this contribution, we provide our view on the system information messages for eMTC 

2. Design Considerations for MTC_SIB
A new MTC_SIB will be considered for MTC to address the following requirements:
· MTC_SIB will be transmitted only in narrowband, smaller or equal to 6 RB

· MTC_SIB can not exceed 1000 bits

· MTC_SIB should have much slower update rate than regular SIB

· This allows more combining for link budget improvement

· This also allows more energy saving 

· MTC_SIB payload size should be minimized to reduce overhead when large MCL is required. 

While the first two requirements mainly come from cost/complexity, the last two requirements are mainly driven by coverage enhancements. 

For coverage enhancements, broadcast information delivery is most challenging:

· Broadcast information needs to be transmitted often in order to reduce the latency and power consumption for UE to acquire the information

· Broadcast information has to target users with the worst coverage

· We have to maintain reasonable overhead for efficient system operation. 
The general MTC_SIB transmissions can be described in Figure 1:
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Figure 1. Broadcast Channel Design

In the next section, we present link budget analysis for MTC_SIB with various payload sizes. 

3. Bundling Based MTC_SIB design

Current MTC design suffers from the lack of diversity:

1. Frequency diversity is limited by the narrowband communications

2. Time diversity is limited by low mobility

3. Spatial diversity is limited by 1 Rx antenna at MTC device

In this section, we present link analysis of MTC_SIB with the following two enhancements:

1. Precoding cycling for spatial diversity

2. Frequency hopping for frequency diversity

These techniques are considered to increase the diversity for MTC communications. 

For each bundle-size, the message is retransmitted in two hops, where each hop contains half of the bundle-size including 1 sub-frame to switch between hops. To enhance the coverage more, we apply a per-RE precoder cycling similar to precoding cycling scheme used on ePDCCH.

In the link analysis, we consider a MTC UE operating with 6 PRBs bandwidth and one receiving antenna, while the eNB is equipped with 2 transmitting antennas. The simulated channel model is EPA with Doppler spread of 1Hz. We transmit PDSCH payloads with the lengths of 328, 504 and 1000 bits in 6PRBs with MCS of 3, 5 and 10, respectively, and payload 16 bits with MCS0 in 1PRB. Frequency hops are separated by 23 RBs.

In Table 1, we summarize the results of the required SNR to achieve 1% FER target for different payloads and different retransmission length. 
Table 1: Achieved SNR for 1% Target FER and MCL with Bundling

	 
	dB\Bundle
	8
	16
	32
	64
	128
	256
	512
	1024

	PDSCH
16bits
	Req. SINR
	-4
	-7
	-9.4
	-12
	-14.3
	-16.8
	
	

	
	MCL
	145.45
	148.45
	150.85
	153.45
	155.75
	158.25
	
	

	PDSCH
328bits
	Req. SINR
	-3.25
	-5.7
	-8.2
	-10.6
	-13.1
	-15.5
	-17.9
	-21.25

	
	MCL
	144.7
	147.15
	149.65
	152.05
	154.55
	156.95
	159.35
	162.7

	PDSCH
504bits
	Req. SINR
	-1.7
	-4.6
	-6.95
	-9.7
	-12.2
	-14.3
	-16.7
	-20.5

	
	MCL
	143.15
	146.05
	148.40
	151.15
	153.65
	155.75
	158.15
	161.95

	PDSCH
1000bits
	Req. SINR
	1
	-2
	-4.5
	-7.2
	-10
	-12.7
	-15.1
	-18.75

	
	MCL
	140.45
	143.45
	145.95
	148.65
	151.45
	154.15
	156.55
	160.2


Based on these results, we make the following proposals:

Proposal 1:

Minimize MTC_SIB size, e.g. target 328 bits  
It is currently agreed that the SIB1 transmission period is fixed to 80ms. The modification period, however, should be much longer than this value to accommodate for a large number of repetitions without incurring in unacceptable overhead.
Proposal 2: 

Support increased modification period for MTC_SIB for both coverage enhancements and energy saving. 

4. MIB Signaling for SIB1

In RAN1 #81 it was agreed to have MTC SIB transmission fixed to 6RB, and the subframes for TDD are {0,5}, with the possibility of adding {1,6}. We make the following observations
· For 5MHz bandwidth, if PBCH repetition is enabled, there is no contiguous 6RB to transmit SIB1 on, at least on subframes {0,5}. In this case, 4.5RB can be used for SIB1 transmission

· Depending on the channel bandwidth, a different repetition level is required to achieve the same MCL. For example, if we compare 10MHz and 20MHz channels, the latter has a PSD that is 3 dB lower than the former. Thus, the repetition pattern for 20 MHz can be different than that for 10 MHz.

We propose to use a different interpretation of the bits in MIB depending on the system bandwidth and also TDD/FDD configuration. Depending on the available number of bits, we should address the following:

· Different payload sizes

· Different target MCL

More scheduling flexibility, like subframes to be used or frequency allocation, can be fixed by spec or randomized depending on cell ID.

For example, if two bits are used for signaling the SIB1 scheduling parameters, a possible interpretation is as follows:
Table 1 Bitmap example for 10MHz and 20MHz, FDD

	Bandwidths
	Bits
	TBS
	Bundle pattern
	SI update period (bundle size)
	Target CE

	10MHz
	00
	328 bits
	SF 4, even RF
	64 RF (32 rep)
	10dB

	
	01
	328 bits
	SF 4,5, all RF
	128 RF (256 rep)
	15dB

	
	10
	504 bits 
	SF 4,5, all RF
	128 RF (256 rep)
	10dB

	
	11
	504 bits
	SF 4,5 all RF
	256 RF (512 rep)
	15dB

	20MHz
	00
	328 bits
	SF 4, all RF
	64 RF (64 rep)
	10dB

	
	01
	328 bits
	SF 4,5, all RF
	256 RF (512 rep)
	15dB

	
	10
	504 bits 
	SF 4,5, all RF
	256 RF (512 rep)
	10dB

	
	11
	504 bits
	SF 0,4,5,6, all RF
	256 RF (1024 rep)
	15dB


Proposal 3: 
              Use spare bits in MIB to signal bundle pattern/TBS of SIB1. The interpretation of these bits is bandwidth dependent.

5. Rate matching of PDSCH around PBCH

Especially for low bandwidth cases (e.g. 5MHz) PDSCH/SIB1 scheduling may collide with PBCH. For odd number of RBs, this collision can be of half an RB (center 6RBs not aligned with PRB boundary). The rate matching rules can be rather complicated due to the presence of empty CRS (e.g. CRS for 4 antennas in a cell with 2 antennas). We propose the following
Proposal 4: 

PDSCH rate matches around the RBs used for PBCH (or PBCH repetition) for even number of RBs. For odd number of RBs, PDSCH rate matches around half-RB PBCH, at least for CRS based TM.

6. Signaling of PBCH repetition

Even when a UE does not know if repetition is enabled when decoding PBCH, it would be helpful to broadcast whether PBCH repetition is used for different purposes. For example, a UE might be in good coverage conditions at a given time, so it is able to decode PBCH without using the repetitions. If repetitions are enabled, they can be exploited the next time the UE wakes up. Also, this information is useful for rate matching purposes for both eMTC devices and future non-MTC devices, as the eNB could just avoid the PBCH RE by not scheduling UE in the PBCH repetition region, but there might be some inefficiency issues with this.

This PBCH repetition can be signaled in MIB or SIB1. If it is signaled in MIB, then we can exploit that information to decode SIB1 (e.g. rate matching). 

Proposal 5: Signal if the eNB is using PBCH repetition. There are two possible options for this


Option 1: Signal in MIB. FFS if we can derive this information from other bits (e.g. if we signal coverage enhancement in MIB then we are repeating PBCH). All channels rate match around PBCH repetitions.


Option 2: Signal in SIB1. All channels rate match around PBCH, except for SIB1 that is punctured by PBCH or rate matches around the worst case.
7. Summary 
In this document, we propose the following for system information (SIB and PBCH):
Proposal 1:

Minimize MTC_SIB size, e.g. target 328 bits  
Proposal 2: 

Support increased modification period MTC_SIB for both coverage enhancements and energy saving. 

Proposal 3: 
              Use spare bits in MIB to signal bundle pattern/TBS of SIB1. The interpretation of these bits is bandwidth dependent and based on a table.

Proposal 4: 

PDSCH rate matches around the RBs used for PBCH (or PBCH repetition) for even number of RBs. For odd number of RBs, PDSCH rate matches around half-RB PBCH, at least for CRS based TM.

Proposal 5: Signal if the eNB is using PBCH repetition. There are two possible options for this


Option 1: Signal in MIB. FFS if we can derive this information from other bits (e.g. if we signal coverage enhancement in MIB then we are repeating PBCH). All channels rate match around PBCH repetitions.


Option 2: Signal in SIB1. All channels rate match around PBCH, except for SIB1 that is punctured by PBCH or rate matches around the worst case.
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