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1. Introduction
In RAN1#80b, the following agreements have been made regarding common control messages: 
Agreement:

· UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH

· FFS whether the repetition level is a function of the TBS of the RAR or not

· FFS the detailed mapping from the repetition level of PRACH to that of RAR

· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set

· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set

· Note: if option 1 is adopted, this does not preclude the possibility of specifying a single frequency resource for M-PDCCH

· NOTE: “Transmission of RAR” includes Option 1,2,3 for RAR transmission mechanism (which will be down-selected)

· If option 1 is adopted, the repetition level, subframe(s), frequency resource(s) here refers to that of M-PDCCH

Agreements:

· The number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs.

· Scheduling information for MTC SIB1

· TBS of MTC SIB1 is based on information in the MIB.

· Frequency location of MTC SIB1 is derived from at least PCID.

· Time location 

· Possible subframes are {0,4,5,9} for FDD and {0,5} for TDD. FFS subframes {1,6} for TDD. 

· FFS: Whether the subframes and frames are signaled in MIB and/or fixed/predefined in specification.

· Scheduling information for MTC SIBs other than MTC SIB1 are given in MTC SIB1.

· The number of repetitions for MTC SIBs other than MTC SIB1 is configurable by the network. 

· FFS: MTC SIB1.

· FFS: How the network will signal the number of repetitions

Agreements:
· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband

· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR
Also, some agreements in RAN2 related to paging affect RAN1 design:

· Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.

· For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level. 

· Extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE.

· For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.

· Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.

· The UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area)

In this contribution, we provide our view on the common control messages for MTC 

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  
Proposal 2: 

Support reduced update rate for MTC_SIB for both coverage enhancements and energy saving. 

Note that in these simulations, channel estimation enhancement is applied, where the channel estimates are filtered in time within the bundle. However, we assumed the following ideal situation:
1. No timing error

2. No frequency error

3. No phase shift within a bundle

4. No RF impairment

With practical implementations, the required bundle size will be larger. From these link analysis, we make the following observations and proposals: 
Observation 1:
There is significant impact of payload size on bundle length. 
Observation 2:
Large bundle size is required to achieve 155.7 dB MCL.  
As SIB broadcast needs to cover the worst case users, it is important that we make sure the final bundle size is sufficient with practical implementation margin taken into account. We make the following proposals:
Proposal 3: 

We need to take into account practical implementation margins in determining required bundle sizes 

As shown in [3], the link efficiency of PDSCH can be significantly improved if we introduce spatial diversity such as orthogonal precoding cycling, similar to ePDCCH channel design. In addition to frequency hopping, we propose to support orthogonal precoding cycling as well. 
Proposal 4: 

Support frequency hopping and orthogonal precoding cycling for SIB transmissions for frequency and time diversity
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

	Bandwidth
	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 5: 
              Use spare bits in MIB to signal bundle pattern/TBS of SIB1. The interpretation of these bits is bandwidth dependent.

3.1. Simultaneous transmission of system information

Long repetition of system information messages can lead to unnecessary decoding delay for UE in good coverage. For example, if a cell supports LC UE without CE and UE with 15dB CE, the necessary SI windows for combining for the latter are going to create an unnecessary delay for the first UE. So far, two different proposals have been presented in RAN2 (see Figure 2):

· Alt. 1: Each SI window contains a bundle size for a worst case UE. In such a case, the non-CE UE will experience a large delay due to the large bundle size needed to reach the CE UE.

· Alt. 2:  The SI windows are interlaced in such a way that a UE with good coverage can quickly decode both messages. UE in large CE have to perform HARQ combining among different windows. The main drawback of this mode is the need for multiple HARQ processes to combine the interlaced messages. 

Alt. 2 requires the UE to implement multiple HARQ processes, which may not be desirable from a cost perspective. If supporting multiple HARQ processes is not mandatory, then Alt. 2 will greatly increase the decoding time of UE in coverage enhancement with single HARQ. To solve this problem, we propose to support two transmission modes of the SI message:

· Mode 1: Targets UE in large CE, with large bundling

· Mode 2: Targets UE in small CE, normal SI window, small or no bundling.

We show this dual-mode transmissions in Figure 3. A UE that is in coverage enhancement mode monitors mode 1, and a UE with small CE monitors mode 2. The dual/multiple mode can be enabled by the eNB by signalling in SIB1, for example. Also, different SI messages can be transmitted in these two modes (e.g. some fields that are not relevant for CE UE might be skipped in Mode 1, thus decreasing the overall bundling size).
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Figure 2 Alternatives for SI transmission. Alt. 1 has the drawback of large delay for UE in good coverage, Alt. 2 has the drawback of requiring multiple HARQ processes for combining of multiple SI messages.
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Figure 3 Proposed SI transmission structure: Mode 1 can be used for UE in large coverage, and Mode 2 can be used for UE in normal or small coverage enhancement mode.
Proposal 6: 
Support 2-mode transmission of SI to enable fast acquisition of SI by small coverage UE without the need to have multiple HARQ processes.

4. RAR
On the bundle size through the RACH procedure, our view is that UE should select the RACH bundle size depending on its DL measurements, e.g. path loss, RSRP, etc. The RAR bundle size should not be selected as a direct function of the PRACH bundle size, as there can be some imbalance between uplink and downlink channels. For example, if the uplink channel is better than the downlink one, then a RAR response that follows the PRACH bundle size will be likely not received. Analogously, if the uplink channel is better the RAR response would be bundled longer than required. Therefore, we propose to signal the downlink pathloss by preamble selection and/or PRACH resource selection. After PRACH, the eNB can also estimate the necessary bundle size for message 3, which will be included in the grant of RAR.
Also, it might be efficient to define different resources for RAR for different coverage enhancement levels. For example, if the eNB receives PRACH from a UE needing 5dB CE and 15dB CE, the transmission of MPDCCH with a large bundle size for the latter could delay the RAR reception for the former. By defining separate RAR resources (e.g. in different narrowbands) each of the UE will retune to a different frequency after PRACH, with the corresponding decrease in delay.

Proposal 7: 
              Bundle size for RAR is derived from PRACH resource/format used. The bundle size for message 3 is derived from PRACH bundle size.
Proposal 8: 
              Enable the possibility of defining different RAR regions for different CE levels.

5. Paging

The current agreement in RAN1 is to have MPDCCH + PDSCH for paging. Thus, it is necessary to define some resources (e.g. narrowband and decoding candidates) to monitor MPDCCH. Note that UE in idle state do not communicate changes in CE to the network, but rather choose to camp on the best available cell meeting the CE requirement. For example, a UE that needs 15dB CE is not expected to camp on a cell offering only 5dB CE. Analogously, the paging message of a cell has to be dimensioned for the worst case UE that may be camping in that cell. Thus, the bundle size for M-PDCCH scrambled with P-RNTI depends on the maximum CE level. This dependency can be explicitly signaled on SIB or implicitly derived from other information, e.g. the SIB1 bundle size.
Proposal 9: 
Define search space for monitoring M-PDCCH with P-RNTI. The bundle size for M-PDCCH and corresponding PDSCH is derived from SI (implicitly or explicitly).

6. Summary 
In this document, we propose the following for common control messages:
Proposal 1:

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

Support reduced update rate for MTC_SIB for both coverage enhancements and energy saving.

Proposal 3: 

Take into account practical implementation margins in determining required bundle sizes 

Proposal 4: 

Support frequency hopping and orthogonal precoding cycling for SIB transmissions for frequency and time diversity
Proposal 5: 
              Use spare bits in MIB to signal bundle pattern/TBS of SIB1. The interpretation of these bits is bandwidth dependent.

Proposal 6: 
Support 2-mode transmission of SI to enable fast acquisition of SI by small coverage UE without the need to have multiple HARQ processes.

Proposal 7: 
              Bundle size for RAR is derived from PRACH resource/format used. The bundle size for message 3 is derived from PRACH bundle size.

Proposal 8: 
              Enable the possibility of defining different RAR regions for different CE levels.

Proposal 9: 
Define search space for monitoring M-PDCCH with P-RNTI. The bundle size for M-PDCCH and corresponding PDSCH is derived from SI (implicitly or explicitly).
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