3GPP TSG-RAN WG1 #75
      R1-135423
San Francisco, USA, 11th -15th November 2013

Source:     MediaTek Inc.

Title: System information transmission in coverage enhancement mode
Agenda Item:    6.2.2.2

Document for:   Discussion and Decision

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 system information transmission in coverage enhancement mode. 
2 Discussion

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:

· Payload size and resource overhead

· Latency for system information acquisition
· Scheduling flexibility of SIB transmission to normal UEs

· Requirement on the buffer of coverage limited UE 
· Specification impact
Detail Analysis

Figure 1, Figure 2 and Figure 3 show examples of Alt 1a, Alt1b and Alt 2. Note that the periodicity of the first SI message and the second SI message is 160ms and 320ms respectively in Figure1 and Figure 2. 

· Under Alt 1a, legacy SIB is reused without addition overhead. Each transmission of SI message is restricted in the same frequency location on a pre-known subframe for UE in coverage enhancement.
· Under Alt 1b, additional resources can be used to reduce the latency of SIB acquisition. Similar to Alt 1a, same frequency location is needed on the additional transmissions. 
· Under Alt 2, a new SIB consisting of all necessary system information for initial access is designed for coverage limited UEs. The acquisition procedure can be similar as legacy procedure.  
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Figure 1  Alt 1a
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Figure 2 Alt 1b
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Figure 3 Alt 2

Payload Size and Resource Overhead
Based on the introduction in previous subsection, the payload size of Alt 2 should be the smallest since only some necessary IE for initial access is transmitted. As summarized in Annex, only 251 (out of 387) bits in SIB 1 (assuming only one schedulingInfoList) and 113 (out of 507) bits in SIB2 are necessary for initial access, which needs to be transmitted in the new SIB under Alt 2. Compared to enhance SIB 1 and SIB 2 (e.g., Alt 1b), around 60% overhead can be saved (for one bundling of transmission without exclude the latency transmission of SIB 1 and SIB 2). 
Observation #1: Under Alt 2, payload size of new SIB is much less than aggregation of current SIBs, and less resource overhead is needed than that of Alt 1a and Alt 1b. 

Latency for system information acquisition
Under Alt1a, UEs in coverage enhancement mode need to accumulate a large enough number of transmissions for each SI message, with each transmission in one SI window during each SI-periodicity. UEs then perform combining all retransmissions within one modification period. Compared to normal UEs, a much larger modification period may be needed to ensure enough retransmissions and thus a larger latency for SIB acquiring is expected. 

Under Alt 1b, multiple retransmissions in one SI window can be supported. Then, UEs can combine the received data within one SI window and acquire SI messages more quickly within a shorter modification period than that under Alt 1a. 
Different from Alt 1a and 1b, in Alt2, coverage limited UEs only decode a new SIB to obtain all necessary system information for initial access. Then, a much shorter transmission duration can be adequate as long as the required repetitions can fit in to bridge the coverage gap. The duration is shorter because it’s not limited that all transmission must happen with the SI window in each SI-periodicity. In addition, Alt 1a and 1b needs to decode SIB 1 first and then other SI message. From this perspective, the smallest latency for system information acquisition can be achieved under Alt 2. 
Based on the simulation results in [4] (208 bits need 160 repetitions), it is expected that SIB 1 and SIB2 need about 250~350 and 350~450 repetitions, respectively. Taking 300/400 repetitions for SIB 1/2  as an example for analysis, it means 600 radio frames will be required to transmit SIB1 under legacy procedure for coverage enhancement. Assuming SI-periodicity is 160 ms, the total acquiring latency for SIB 1+SIB 2 is  600+1600 radio frames (400/4*160 = 16000 ms for SIB 2) under Alt 1a (assuming 4 transmissions within one SI-window).  For Alt 1b, if 10 repetitions are supported within one SI window, the total latency for SIB 1+ SIB 2 is about 600+640  radio frames (400/10*160=6400 ms for SIB2). For Alt 2, new SIB is introduced, which does not need to decode SIB1 in advance. With intermittent transmission, the minimal latency is about 250~300 ms (250~300 repetitions are expected) assuming 364 bits payload in this new SIB as discussed previously. 
An advantage of smaller latency is improved UE buffer efficiency. Under a certain buffer size, the buffer can be flushed for new data reception as soon as possible under a smaller latency.  From this perspective, Alt 2 is also preferred. 

Observation #2:  Alt 2 can achieve a much smaller latency for system information acquisition than Alt 1a and 1b. 
Scheduling Flexibility and Impact on Normal UEs
For Alt 1a and 1b, since the same SIBs are shared among both normal UEs and coverage limited UEs, frequency allocation/MCS for each SIB transmission should be kept same, which will limit eNB scheduling flexibility. Due to the flexibility limitation, there is some impact on normal UEs. For example, no additional frequency diversity gain (with HARQ combination) can be obtained since the frequency allocation during a certain time window is kept the same. Further, there is no redundancy gain since redundancy version should be kept the same, when normal UEs and coverage limited UEs multiplex and detect the same SI message. 
There is no such limitation under Alt 2, since normal UEs and coverage limited UEs detect different system information at different resources. And there is no impact on normal UEs. 
Observation #3:  Full scheduling flexibility can be obtained under Alt 2.

Observation #4: No impact will be introduced to normal UEs under Alt 2.  
Spec impact
Under Alt 1a, the subframe for SI message transmission needs to be pre-defined or configured in SIB1, as well as Alt 1b without PDCCH coverage enhancement.   Some specification efforts are also required under Alt 2, e.g. introducing a new SIB. In addition, a scheme to differentiate with other SI message is needed [5]. 
Moreover, the necessary information in the new SIB should be studied carefully in RAN2, and future requirement for MTC services should be also considered. 

Observation #5: Specification effort is needed for all the alternatives. 
The above comparison of proposed candidate alternatives is summarized in Table. 1.  
Table 1 Comparison of the candidate alternatives
	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
	Very Restricted
	Very restricted
	No restriction

	Impact to normal UEs
	Large
	Medium
	No impact

	Requirement on UE buffer
	High
	Medium
	Low

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

	Spec impact
	Yes
	Yes
	high


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

Proposal 1: RAN1 is recommended to consider new SIB from combining at least SIB1 and SIB2 for MTC UEs to acquire before initial access in coverage enhancement mode. 

3 Conclusion
This contribution compares the candidate alternatives for system information coverage enhancement including MIB and SIBs. The following observations and proposal are given.  
Observation #1: Under Alt 2, payload size of new SIB is much less than aggregation of current SIBs, and less resource overhead is needed than that of Alt 1a and Alt 1b. 

Observation #2:  Alt 2 can achieve a much smaller latency for system information acquisition than Alt 1a and 1b.
Observation #3:  Full scheduling flexibility can be obtained under Alt 2.

Observation #4: No impact will be introduced to normal UEs under Alt 2.  


Observation #5: Specification effort is needed for all the alternatives. 
Proposal 1: RAN1 is recommended to consider new SIB from combining at least SIB1 and SIB2 for MTC UEs to acquire before initial access in coverage enhancement mode. 
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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
	1~32*131=131~4192
	
	

	tdd-Config
	7
	7
	

	si-WindowLength
	3
	
	

	systemInfoValueTag
	5
	
	

	Sum
	387~4448
	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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