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1. Introduction

This contribution discusses system information reception for Rel-13 LC UEs and UEs operating in Enhanced Coverage mode. Discussion is based on information provided by RAN1 in various liaison statements.
2. Simultaneous reception 
RAN1 has sent an LS [1] to RAN2 including their recommendations on simultaneous reception; RAN1 inputs are summarized in Table 1 (with the actual text being copied in Annex A). Rel-13 LC UE is mainly characterized by being limited in bandwidth to only receive 1.4MHz, which means that Rel-13 LC UEs can only receive a maximum of 6 contiguous PRBs per subframe (understanding that those 6 PRBs may be located in any range of the whole system bandwidth). In addition, Rel-13 LC UEs are also characterized by single receive antenna (similar as cat.0 UE) and therefore the eNB might want to use lower coding rates in order to reach these UEs in poor signal conditions while assuring certain success rate but at the expense of increased resource utilization. Given these points, simultaneous reception of multiple TBs within the narrow bandwidth may not be practical in all cases. 

Table 1. Simultaneous reception support based on RAN1 agreement and working assumption [1]
	Support simultaneous reception 
	Rel-13 LC UE in normal coverage
	Rel-13 LC UE in enhanced coverage

	More than one TB for unicast
	RAN1 agreement: UE is not required
	<Not explicitly mentioned by RAN1>

	One TB for unicast and other TB for broadcast
	RAN1 agreement: UE is not required but UE behaviour is FFS
	<Not explicitly mentioned by RAN1>

	More than one TB for broadcast
	RAN1 working assumption: UE is not required but UE behaviour is FFS
	RAN1 agreement: UE is not required but UE behaviour is FFS


Note: the transport block (TB) refers to the ones carried by PDSCH

Note: the broadcast transmission refers to SIB, paging and RAR

Note: the MBMS support is FFS

In addition, RAN1 has not indicated any explicit statement on whether Rel-13 LC UEs using enhanced coverage should or should not support simultaneous reception of more than one TB for unicast or one TB for unicast and another for broadcast (which is shown in blue within the Table 1). We believe that the reasoning not to require simultaneous reception for Rel-13 LC UEs would apply irrespective of whether the UE uses or not enhanced coverage mode.
Proposal 1. RAN2 to agree that UE shall not be required to simultaneously receive more than one TB in a subframe irrespective of the kind of TB (i.e. unicast and/or broadcast) or the enhanced coverage (i.e. normal or enhanced coverage mode).
If simultaneous TBs for a UE occur in a same subframe, Rel-13 LC UE's behaviour was not defined by RAN1. In Rel-12 LC MTC RAN2#85 discussion, RAN2 had an agreement on this topic that would still be applicable: 

"If the UE is not able to receive multiple Transport Blocks within a subframe due to max TBS and/or bandwidth limitation, it’s up to UE implementation which TB to prioritize."

Proposal 2. RAN2 to agree on Rel-13 LC UE behaviour upon occurrence of multiple transport blocks (TB) for a UE in the same subframe, it is up to UE implementation which TB to prioritize. This agreement also applies for any Rel-13 LC UE (i.e. in normal or enhanced coverage).
RAN1 left FFS how eMBMS should be handled [1]; we believe that RAN2 shall firstly discuss whether eMBMS is a functionality that Rel-13 LC UE shall support or not. Our understanding is that while eMBMS may be nice functionality to support, it does not fit well with the narrow bandwidth, small maximum TB size, and general low complexity objectives of Rel-13 LC UEs. Therefore we proposed that RAN2 keeps similar agreement to Rel-12 one (shown below) and only discuss further optimizations to it if its use case is highly justified and the time allows it. 
"A low cost UE may support eMBMS (optional) and if it does it shall support a TBS size for MBMS reception of [10296] (like Category 1) "

Proposal 3. RAN2 to agree that eMBMS enhancements will not be prioritized for Rel-13 LC MTC. "
3. MIB and SIB

Rel-13 LC UEs are expected to only work in a narrow bandwidth as explained above, therefore RAN1 defined the working assumption that the maximum TBS for broadcast transmission shall not be more than 1000bits (as shown in Annex B). On the other hand the legacy maximum TBS for a broadcast channel is 2216bits.
Proposal 4. RAN2 needs to work with RAN1 in order to reduce the maximum size of the SIBs that are received by Rel-13 LC UEs to less than 1000bits.
In addition, RAN2 needs to analyze which information elements are strictly necessary for Rel-13 LC UEs (targeting to reduce the information in comparison with legacy SIBs). MIB, SIB1, SIB2 and SIB14 might be the most relevant to Rel-13 LC UEs and their content is analyzed in Table 2. The SIBs 3-5 contain information for cell reselection and about the neighboring list and their message size can vary significantly depending on the amount of neighbor cell information that the eNB need to broadcast; however for Rel-13 LC UEs this kind of information could potentially be simplified keeping in mind that mobility support could potentially be simplified as mentioned in the WID..
Proposal 5. RAN2 to analyze which legacy IEs from applicable legacy SIBs should be broadcast to Rel-13 LC UEs with the aim to reduce the information being broadcasted.
Table 2 summarizes the key information elements that are relevant for Rel-13 LC UEs (i.e. PHY parameters, cell access/selection, SI scheduling, access class and radio resource configuration). The IEs are divided in 3 groups: 
· legacy information where it is necessary that a Rel-13 LC UEs apply the same value  as legacy UEs (labeled as "legacy IEs required ")
· legacy information that might not be applicable or where there is no significant  problem if Rel-13 LC UEs apply a different value compared to legacy UEs, perhaps just for a short period of time due to the value being updated by Rel-13 LC UEs later in time than legacy UEs (labeled as "legacy IEs relaxed")
· new IEs that may be required. 
The motivation to differentiate the "legacy IEs relaxed" is to understand the impact of defining a different modification period for a new SIB specific to Rel-13 LC UE and EC mode UEs, where the modification period  could be set to a longer value than for legacy SIBs due to the large number of repetitions that look likely to be required based on RAN1 input .
Table 2. Information elements (IE) from SIB/MIB analysis for Rel-13 LC UEs

	IEs related to Rel-13 LC UEs (w/ or w/o EC mode)

	Message
	Legacy IEs required
	Legacy IEs relaxed
	New IEs required

	MIB
	· dl-Bandwidth

· systemFrameNumber
	· phich-Config (*1)
	· Rel-13 LC UE support.
· EC mode support/level.
· Main SIB info (i.e. location on freq. for SIB1 or time/frequency for the new SIB for Rel-13 LC UE.

	SIB1
	· cellAccessRelatedInfo: plmn-IdentityList, plmn-Identity, mcc, mnc, cellIdentity

· tdd-Config: subframeAssignment, specialSubframePatterns


	· cellAccessRelatedInfo: cellReservedForOperatorUse, trackingAreaCode, cellBarred, intraFreqReselection, csg-Indication, csg-Identity.
· cellSelectionInfo; p-Max

· freqBandIndicator; schedulingInfoList

· si-WindowLength; systemInfoValueTag

· multiBandInfoList
	· Other SIB info (i.e. time/frequency of the SIB for Rel-13 LC UE.)

	SIB2
	· radioResourceConfigCommon (*2): rach-ConfigCommon, bcch-Config (modificationPeriodCoeff), pcch-Config, prach-ConfigInfo, pdsch-ConfigCommon, pusch-ConfigCommon
· freqInfo: ul-CarrierFreq, ul-Bandwidth, additionalSpectrumEmission
	· ac-BarringInfo, ssac-Barring, ac-BarringSkip, ac-BarringPerPLMN
· radioResourceConfigCommon: pucch-ConfigCommon, uplinkPowerControlCommon, deltaF-PUCCH-Format, txFailParam, connEstFail

· ue-TimersAndConstants

· mbsfn-SubframeConfigList

· radioframeAllocationPeriod

· radioframeAllocationOffset

· subframeAllocation; 

· timeAlignmentTimerCommon
	· (*2) Overall new RRC Common IEs might be needed specifically for Rel-13 LC UEs (FFS is required)

	SIB14
	
	· eab-Param
	


(*1) NOTE: RAN1 agreed that legacy PCFICH, PDCCH and PHICH are not received by Rel-13 LC UEs (at least for systems with BW>1.4MHz)
(*2)NOTE: radioResourcConfigCommon information might be significantly different for Rel-13 LC UEs compared to legacy UEs, in which case this IE may not be required 

Proposal 6.RAN2 to discuss and agree that if Rel-13 LC UEs are required to have the updated following system information same as legacy UEs (i.e. their modification period should remain the same): dl-Bandwidth, systemFrameNumber, some cellAccessRelatedInfo (plmn-IdentityList, plmn-Identity, mcc, mnc, cellIdentity), tdd-Config. 
Proposal 7. RAN2 to discuss the definition of a different and simplified radioResourceConfigCommon IEs for Rel-13 LC UEs (i.e. default configurations, fewer IEs or pre-defined combination of values).
RAN1 also recommends RAN2 in their LS [1] to consider the introduction of new SIB(s) which might have different maximum TB size, SIB message size, SI window and SIB update rate (i.e. SI periodicity and BCCH modification period). In addition, RAN1 also sent another LS [2] including the approximate number of repetitions required in order to receive SIB and they explain that further evaluation is ongoing via email discussion. Table 3 shows a summary of the output from that email discussion [3].
Table 3. SIB repetition number required for Rel-13 LC UEs  in enhanced coverage under various conditions.
	
	”Continuous” repetitions
	”Discontinuous” repetitions

	
	EPA 1
	ETU 1
	EPA 1
	ETU 1

	TBS
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	40-180
	150-256
	18-100
	32-200
	65-96
	120-145
	60-79
	90-116

	328
	110-290
	300-365
	32-170
	64-270
	64-144
	100-209
	95-133
	150-187

	504
	128-390
	373-500
	60-210
	100-340
	90-205
	135-275
	130-183
	190-260

	1000
	260-740
	535-660
	100-340
	180-580
	150-438
	200-605
	220-405
	300-504


An analysis is done in order to evaluate the number of repetitions of an SI with unchanged content that could be available for combining, assuming the existing system information scheduling: SIB1 periodicity of 80ms (being repeated every 20ms), other SIB periodicity in the range of 80ms to 5.12s with a SI window in the range of 1ms to 40ms (being allowed to send repetitions of the SIB within its SI window) and BCCH modification period in the range of 640ms to 40.96s. The results are shown in Table 4. 
Note that MIB cannot be analyzed in the same way as MIB does not have unchanging content throughout the modification period, due to the SFN which is incremented every 40ms. RAN2 should wait for RAN1 to further analyse the repetition requirements for the MIB.
Table 4. Repetitions of the same SI message within the modification period

	BCCH modif. Period
	SI periodicity assuming certain number of repetitions (within the SI period/window)

	
	1 SI repetition
	10 SI repetition
	20 SI repetitions

	
	20 ms
	80 ms
	5120 ms
	80 ms
	5120 ms
	80 ms
	5120 ms

	640 ms
	32
	8
	0
	80
	1
	160
	3

	1280 ms
	64
	16
	0
	160
	3
	320
	5

	2560 ms
	128
	32
	1
	320
	5
	640
	10

	5120 ms
	256
	64
	1
	640
	10
	1280
	20

	10240 ms
	512
	128
	2
	1280
	20
	2560
	40

	20480 ms
	1024
	256
	4
	2560
	40
	5120
	80

	40960 ms
	2048
	512
	8
	5120
	80
	10240
	160

	
	~SIB1
	~other SIBs (≥2)


Table 4 highlights in green the cases that could support the worst case number of repetitions required by Rel-13 LC UE in enhanced coverage (approx 600 repetitions as shown on Table 3). This shows that even the worst case number of repetitions as required by the RAN1 results could be achieved with the existing system information scheduling, by appropriate selection or various parameters (repetition period, scheduling period, and number of receptions within each SI window), although the large number of repetitions does mean that selection of parameters by the eNB will become quite restrictive. Therefore legacy SI periodicity could still be suitable, at least as a baseline, for the SI reception of Rel-13 LC UEs. 
Observation 3. Legacy modification period allows the network to send the required SI repetitions using legacy SI mechanism although different way to locate the SI message on time and frequency might be required.

Proposal 8. RAN2 to agree that legacy BCCH modification period value range and SI periodicity can be used for Rel-13 LC UEs (in normal and enhanced coverage) as a baseline.

Assuming that we agree that Rel-13 LC UEs are defined to also receive legacy SIBs, the potential disadvantages are the following: 

· The maximum number of PRBs allowed for a SIB would be 6 and contiguous on frequency. In addition, the frequency/time location in which these legacy SIBs are sent would need to be indicated to Rel-13 LC UEs.
· The maximum SIB message size would be potentially restricted to 1000bits or even smaller (still TBD).
· The information of the legacy SIB message could not be changed in the middle of the modification period. On this last aspect, the main concern might only be with SIB14 as the "change of system information (other than for ETWS, CMAS and EAB parameters) only occurs at specific radio frames, i.e. the concept of a modification period is used "; however, we should also keep in mind that during Rel-12 LC MTC discussion, some companies mentioned that other parameters might also be changed by the network in the middle (e.g. ACB related ones in moments of congestion).
Observation 4. Legacy SIB might be restricted if they also be received by Rel-13 LC UE (in normal and enhanced coverage) due to aspect such as the 6 contiguous PRB restriction, the potential max. TBS limitation to 1000bits and the required number of SI repetitions with the same information.

Proposal 9. RAN2 to discuss if new SIBs containing specific information related to Rel-13 LC UE and/or EC mode is preferred instead of all or part of the legacy SIBs in order not to restrict them (e.g. SIB1 might want to be shared by all UEs).
4. Conclusion

The proposals are listed below:
Proposal 1. RAN2 to agree that UE shall not be required to simultaneously receive more than one TB in a subframe irrespective of the kind of TB (i.e. unicast and/or broadcast) or the enhanced coverage (i.e. normal or enhanced coverage mode).

Proposal 2. RAN2 to agree on Rel-13 LC UE behaviour upon occurrence of multiple transport blocks (TB) for a UE in the same subframe, it is up to UE implementation which TB to prioritize. This agreement also applies for any Rel-13 LC UE (i.e. in normal or enhanced coverage).

Proposal 3. RAN2 to agree that eMBMS enhancements will not be prioritized for Rel-13 LC MTC. "

Proposal 4. RAN2 needs to work with RAN1 in order to reduce the maximum size of the SIBs that are received by Rel-13 LC UEs to less than 1000bits.

Proposal 5. RAN2 to analyze which legacy IEs from applicable legacy SIBs should be broadcast to Rel-13 LC UEs with the aim to reduce the information being broadcasted.

Proposal 6.RAN2 to discuss and agree that if Rel-13 LC UEs are required to have the updated following system information same as legacy UEs (i.e. their modification period should remain the same): dl-Bandwidth, systemFrameNumber, some cellAccessRelatedInfo (plmn-IdentityList, plmn-Identity, mcc, mnc, cellIdentity), tdd-Config. 

Proposal 7. RAN2 to discuss the definition of a different and simplified radioResourceConfigCommon IEs for Rel-13 LC UEs (i.e. default configurations, fewer IEs or pre-defined combination of values).

Proposal 8. RAN2 to agree that legacy BCCH modification period value range and SI periodicity can be used for Rel-13 LC UEs (in normal and enhanced coverage) as a baseline.

Proposal 9. RAN2 to discuss if new SIBs containing specific information related to Rel-13 LC UE and/or EC mode is preferred instead of all or part of the legacy SIBs in order not to restrict them (e.g. SIB1 might want to be shared by all UEs).
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Annex A
RAN1 agreements and working assumptions on simultaneous reception from their incoming LS [1]:
"Agreements (#1)

· UE is not required to support simultaneous reception of more than one transport block for unicast transmission in a subframe at least for Rel-13 low complexity UE.

· Note that the transport block here refers to the ones carried by PDSCH

· UE is not required to support simultaneous reception of a transport block for unicast transmission and a transport block for broadcast transmission in a subframe at least for Rel-13 low complexity UE.
· If eNB schedules unicast and broadcast simultaneously to the same UE, the UE behaviour is FFS
· Note that the transport block here refers to the ones carried by PDSCH

· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe at least for Rel-13 low complexity UE in enhanced coverage.

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behaviour is FFS.
· Note that the transport block here refers to the ones carried by PDSCH

· The case of MBMS, if supported, is FFS.
Working Assumption (#2)

· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe for Rel-13 low complexity UEs not in enhanced coverage
· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behaviour is FFS.
· Note that the transport block here refers to the ones carried by PDSCH

· The case of MBMS, if supported, is FFS."
Annex B

RAN1 agreements and working assumptions on broadcast transmissions and SIB for Rel-13 LC UEs from their incoming LS [1]:

"Working assumption (from RAN1#78bis) (#3)

· 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

Agreements (from RAN1#79) (#4)

· RAN1 recommends that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage

· A Rel-13 low complexity UE will not be able to

· Receive SI-messages in more than 6 contiguous PRBs 

· Receive PDCCH which schedules transmissions of legacy SIBs
· FFS: Whether UE can receive PDCCH which schedules transmissions of legacy SIBs in 1.4 MHz system BW case
· Maximum TBS, SIB size(s) and time-domain aspects including e.g. SI-windows and SIB update rate(s) can be decided jointly with RAN2

· This does not preclude the possibility of using a subset of the new SIB(s) for normal coverage or enhanced coverage 

· FFS whether UEs of other category in enhanced coverage can use this SIB(s)
· RAN1 recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs to reduce SIB size at least in enhanced coverage

“SIB update rate(s)” were discussed as including, for example, the BCCH modification period and the 
SI-periodicity."
RAN1 has also sent an LS indicating recommendations on the number of SIB repetition that might be required [2]
"RAN1 has discussed and made the following observations from preliminary evaluations on the performance of SIB for Rel-13 low complexity UE. 

Based on simulation results provided in RAN1#79, it is seen that, for Rel-13 low complexity UE in normal coverage (SNR = -4dB)
· Repetition is required to transmit SIB messages

· The number of repetitions can be high

· e.g.  16-32 repetitions are required for SIB size of 328 bits

· The number of repetitions increases with the SIB size

· e.g.  16-32 repetitions are required for SIB size of 328 bits, 30-40 repetitions are required SIB size of 504 bits

· For a given SIB size, FFS whether it may be more efficient to use one SIB rather than multiple smaller SIBs
Based on simulation results provided in RAN1#79, it is seen that, for Rel-13 low complexity UE in enhanced coverage (SNR = -14.3 dB)

· The number of repetitions can be very high

· e.g.  150 repetitions are required for SIB size of 328 bits

· The number of repetitions increases with the SIB size

· For a given SIB size, FFS whether it may be more efficient to use one SIB rather than multiple smaller SIBs

· Note that SIB results for UE in enhanced coverage are only from one company, so above observation for UE in enhanced coverage is based on a preliminary RAN1 evaluation results and RAN1 will continue to evaluate it

· RAN1 will evaluate SIB results for UE in enhanced coverage until 15th January, 2015 

The simulation results are based on the following simulation scenario – 10MHz system bandwidth, 1Rx antenna, 6 PRBs, EPA (1 Hz) channel, 1% BLER target. Note that RAN1 did not consider coverage enhancement techniques except for repetition.

A summary of the SIB performance results provided in RAN1#79 is attached."

