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1 Introduction

The new WI “low cost & enhanced coverage MTC UE for LTE” was approved in [1] during RAN#60.   One objective of this work item is to provide coverage improvements corresponding to 15 dB for FDD for the low-MTC UE and other UEs operating delay tolerant MTC applications. The specified coverage improvement techniques should also be applicable for TDD.

System information coverage enhancement has been discussed intensively in RAN1 and the diverse solutions which had been investigated become convergent. The choice is narrowed down to several candidate alternatives. In this contribution, we compare the candidate alternatives for system information coverage enhancement and share our view on the impact on RAN2. 

2 Discussion

MIB

In RAN1#74bis meeting, a WF on PBCH coverage enhancement [2] is agreed. 

	· Repetition should be specified as a method to improve coverage.

· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques such as keep trying method (R1-134145) till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs 

· PBCH repetition occurs within 40msec 

· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.

· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Working assumption: Legacy PBCH is utilized by coverage enhancement (CE) UE

· If the benefit with new PBCH is significant enough, it can be considered until RAN1#75
· FFS: Non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN configurable subframes 

· FFS which TDD DL/UL configurations will be supported

· Supporting all TDD DL/UL configuration is considered


Although some open issues are still left FFS, following can be observed according to what are agreed:

Observation 1: Repetition of MIB is utilized to improve coverage;

Observation 2: The MIB uses a fixed schedule:

· Fixed in frequency domain of center 6PRBs;

· With a periodicity of 40 ms;

· Repetitions were made within 40 ms;

Observation 3: Basically, legacy PBCH is utilized by coverage enhancement UE. 

Based on the observations above, it can be derived that the only difference from current MIB transmission is that more repetitions either continuous or intermittent will occur and occupy more subframes with the periodicity of 40ms.  
The impact to RAN2 is that the repetition pattern of MIB for coverage enhancement should be captured in the specification, i.e. 36.331. However, the repetition pattern, continuous or intermittent, relies on RAN1’s agreement. 

Proposal 1: RAN2 waits for RAN1’s agreement on repetition pattern of MIB transmission for coverage enhancement. 

In our understanding, MIB contains very limited number of the most frequently transmitted and most essential parameter for UE performing initial access, i.e. SFN, downlink bandwidth and PHICH configuration. For example, DL bandwidth and PHICH configuration is required for PDCCH decoding. SFN is used for system information acquisition. The gain of changing MIB content should be justified before considering whether to reduce the payload or add new parameters.  

SIB1/2/14

Currently three candidate solutions are utilized as the starting point of SIB solutions [3]. 

	· Alt1: Re-use legacy SIBs at least for SIB1/2/14

· Alt 1a: Aggregation within SIB modification period w/o additional repetition
· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.
· An extended pre-defined accumulation period may be considered. e.g., set “modification period” to a larger value
· Alt 1b: Aggregation with additional SIB repetition(s) 

· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.
· Additional resources are used to enhance legacy SIBs transmission with repetition of SIBs. 

· PDCCH repetition is required if SIBs is scheduled by PDCCH

· FFS whether aggregation should be done only among the new addition SIBs

· FFS whether additional content or SIB is needed for coverage enhancement UEs 

· Alt 2: new SIB for MTC coverage improvement

· All necessary system information for initial access of MTC UEs (e.g., necessary contents carried in SIB1/2/14) may be merged into the new SIB.

· The new SIB may be indicated by corresponding PDCCH or transmitted on predefined resources without any PDCCH indication.

· The benefit of Alt2 compared to Alt1 would depend on how much reduction can be achieved in terms of payload sizes, latency and/or the number of SIBs to be enhanced.




In this section, we clarify those alternatives and made a comparison considering the following aspects:

· The impact to current RAN2 specification

· The restriction on scheduling flexibility
· Latency for system information acquisition
· The impact to normal UEs
· Requirement of additional resources
· Requirement on modification period
· Requirement on the buffer of coverage limited UE 
· Redundant information transmission not required for coverage limited UE to perform initial access
Alt 1a: Aggregation within SIB modification period w/o additional repetition

One example of Alt 1a is illustrated in Figure 1, assuming the periodicity of the first SI message and the second SI message is 160ms and 320ms respectively. 
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Figure 1  Alt 1a

With this method, no additional resources are required for SI message coverage enhancement. The coverage limited UE accumulates large number of transmissions for each SI message, which is distributed in multiple SI windows specific for the SI message. The same radio resources and MCS are kept for each SI message. 
Observation 4: Alt 1a has following advantages:

· No additional radio resources are required for SI message transmission. 

· No redundant information transmission, which is not required for coverage limited UE to perform initial access. 
· Little impact to RAN2 specification

· Need pre-define subframe carrying SI message in each SI-window
Observation 5: Alt 1a has following disadvantages:

· The modification period needs to be set to a very larger value. 

· Longer latency is expected to acquire an SI message. 

· The scheduling flexibility of system information is very restricted for both normal UE and coverage limited UE.
· Higher requirement on the buffer of coverage limited UE since each reception will be buffered for a long time.
Alt 1b: Aggregation with additional SIB repetition(s) 

One example of Alt 1b is illustrated in Figure 2, assuming the periodicity of the first SI message and the second SI message is 160ms and 320ms respectively. The second SI message containing SIB3 and SIB4 isn’t enhanced.  
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Figure 2 Alt 1b.

The only difference from Alt 1a is that additional resources are required for SI message repetitions, so that the coverage degradation can be compensated more quickly than alt 1a. There are also two methods for SI message accumulation.  One method is that the length of SI window is extended to 80ms or 120ms. So that the SI message received in the same SI window can be combined to compensate the coverage degradation. Considering the co-existence of normal UE, of which the SI window will also be extended, the latency of acquiring all the SI messages required for normal UE will become large compared with Alt 1a. Another method is that the length of SI window is not extended. So the coverage limited UE also needs to combine the SI message located separate SI windows until the SI message is received. 

Observation 6: Alt 1b has following advantages:

· Shorter latency is expected to acquire an SI message for the coverage limited UE. 

· The modification period doesn’t need to be set to a very large value. 

Observation 7: Alt 1b has following disadvantages:

· Additional radio resources are required for SI message transmission. 

· The scheduling flexibility of system information is very restricted for both normal UE and coverage limited UE.
· High requirement on the buffer of coverage limited UE
· Redundant information transmission, which is not required for coverage limited UE to perform initial access. 
· Som impacts to RAN2 specification. 
· The length of SI window needs to be extended; or

· UE needs to combine the SI messages located in separate SI windows together until the SI message was received.  

Alt 2: new SIB for MTC coverage improvement

One example of Alt 2 is illustrated in Figure 3. 
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Figure 3 Alt 2

With this method, all necessary system information for initial access of coverage limited UE (e.g., necessary contents carried in SIB1/2/14) may be merged into one new SIB, which is about 300 bits. The new SIB can be acquired directly without long latency. The content of SIB1 and SIB2 as well as the system information required for initial access is attached in the Annex.  A rough estimation of the redundant information reduction is calculated. The gain of overhead reduction is about 95% and 78% for SIB1 and SIB2 respectively. 

Observation 8: Alt 1b has following advantages:

· The new SIB required for initial access can be acquired directly with minimum latency.

· The scheduling of other SIBs required for normal UE doesn’t need to be restricted.

· The modification period may not need to be set to a large value.  

· Lower requirement on the buffer of coverage limited UE.

· No redundant information transmission, which is not required for coverage limited UE to perform initial access
· No impact to normal UEs. 

Observation 9: Alt 1b has following disadvantages

· Additional resources are required to transmit the new SIB.

· It has same impacts to RAN2 specification: 

· A new SIB for coverage limited UE needs to be specified in RAN2.

· How to acquire the new SIB needs to be specified in RAN2. 
Comparison of the Candidate Alternatives

The comparison of the Candidate Alternatives is summarized in Table 1. Based on the comparison, it seems that Alt 2 has the best performance but at the cost of relative higher standardization effort. 

	Candidate Alternatives
	Alternative 1a
	Alternative 1b
	Alternative 2

	Latency of acquiring SI
	Too Long
	Long
	Short

	Length of modification period
	Long
	Medium
	Short

	Additional resources required
	No need
	High
	Medium

	Scheduling flexibility of legacy SIB
	Very Restricted
	Very restricted
	No restriction

	Requirement on UE buffer
	High
	Medium
	Low

	Redundant information transmission
	No redundant information transmission
	Much redundant information transmission
	No redundant information transmission

	Impact to RAN2 specification
	Little
	Medium
	Relative high


Table 1 Comparison of the candidate alternatives

Based on the above comparison, we prefer alternative 2, which have no impact to normal UEs but with acceptable standardization effort.

Proposal 2: RAN2 should take the above observations and comparison into consideration for System information coverage enhancement and consider Alt 2 as the candidate solution.

3 Conclusion
In this contribution, we compare the candidate alternatives for system information coverage enhancement including MIB and SIBs. We also shared our view on the impact on RAN2.  

Proposal 1: RAN2 waits for RAN1’s agreement on repetition pattern of MIB transmission for coverage enhancement. 

Proposal 2: RAN2 should take the above observations and comparison into consideration for System information coverage enhancement and consider Alt2 as the candidate solution.
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5 Annex
	SIB1

	Information Element
	Maximum Length
	Required for initial access
	Comments

	cellAccessRelatedInfo
	224
	224
	1. schedulingInfoList is not required for the new SIB.

2. The length schedulingInfoList depending on the number of SI message, and we use the maximum value thereto.

	plmn-IdentityList
	6*25=180
	
	

	trackingAreaCode
	16
	
	

	cellIdentity
	28
	
	

	cellBarred
	1
	
	

	intraFreqReselection
	1
	
	

	csg-Indication
	1
	
	

	csg-Identity
	27
	
	

	cellSelectionInfo
	9
	9
	

	q-RxLevMin
	6
	
	

	q-RxLevMinOffset
	3
	
	

	p-Max
	6
	6
	

	freqBandIndicator
	5
	5
	

	schedulingInfoList
	32*131=4192
	
	

	tdd-Config
	7
	7
	

	si-WindowLength
	3
	
	

	systemInfoValueTag
	5
	
	

	Sum
	4448
	251
	Maximum redundant information reduction: (4448-251)/4448=94% (in the best case)

	SIB2

	ac-BarringInfo
	25
	25
	1. The length mbsfn-SubframeConfigList depending on the number of MBSFN allocations, and we use the maximum value thereto. 

	ac-BarringForEmergency
	1
	
	

	ac-BarringForMO-Signalling
	12
	
	

	ac-BarringForMO-Data

	12
	
	

	radioResourceConfigCommon
	149
	
	

	rach-ConfigCommon
	37
	37
	

	bcch-Config
	2
	
	

	pcch-Config
	5
	
	

	prach-Config
	13
	13
	

	pdsch-ConfigCommon
	9
	9
	

	pusch-ConfigCommon
	21
	21
	

	pucch-ConfigCommon
	23
	
	

	soundingRS-UL-ConfigCommon
	10
	
	

	uplinkPowerControlCommon
	28
	
	

	ul-CyclicPrefixLength
	1
	1
	

	ue-TimersAndConstant

	18
	
	

	t300
	3
	3
	

	t301
	3
	
	

	t310
	3
	
	

	n310
	3
	
	

	t311
	3
	
	

	n311
	3
	
	

	freqInfo
	24
	24
	

	ul-CarrierFreq
	16
	
	

	ul-Bandwidth
	3
	
	

	additionalSpectrumEmission
	5
	
	

	mbsfn-SubframeConfigList
	8*36
	
	

	timeAlignmentTimerCommon
	3
	3
	

	Sum
	507
	113
	Maximum redundant information reduction: (507-113)/507=78% (in the best case)
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