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1 Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category for MTC operation, (2) achieve LTE coverage improvement corresponding to 15 dB for FDD, and (3) minimize UE power consumption. For the new low complexity UE, reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique.
In this paper we discuss the system information design for Rel-13 low-complexity and coverage enhanced UEs (Rel-13 LC/CE UEs).
2 Discussion
2.1 SIB1x message format
In RAN2#89 it was agreed to introduce a new SIB1 (hereinafter referred to as SIB1x) for Rel-13 LC/CE UEs. SIB1x is transmitted separately from legacy SIB1 (different time/frequency resources) but includes similar type of information for the same purpose. 
When it comes to definition of this message there are two options:

-
A new RRC message is introduced for SIB1x
-
The same RRC message definition (SystemInformationBlockType1) is used for SIB1x and SIB1 (possibly with some additional information in SIB1x)
The first option requires more specification work but makes it possible to optimize the content for Rel-13 LC/CE UEs. However, the decision between the two options can be made when there is a good understanding of how SIB1x and SIB1 will differ in content.
Observation 1 SIB1x is either a new RRC message or a re-definition of the existing SIB1 message (SystemInformationBlockType1).
It was also agreed in RAN2#89 to maintain a flexible SIB size in order to allow for optional elements and future extensions.  The size of legacy SIB1 ranges between 100 to 300 bits (see appendix) but we estimate SIB1x to be slightly larger due to the extra scheduling information required for the SI messages (see section 2.3).  If we assume 1-8 SI messages and 10 bits of additional scheduling information per SI message (MCS/TBS and time/frequency location), SIB1x will be 10 to 80 bits larger than SIB1. This means that the size of SIB1x will range from around 100 to 400 bits.
Observation 2 Further size restrictions (below 1000 bits) can be considered for SIB1x, if necessary, to reduce the number of possible transport block sizes.
2.2 Scheduling of SIB1x
According to the incoming LS [2], RAN1 has agreed that (E)PDCCH-less scheduling will be used for SIB1x. As a consequence, scheduling parameters which cannot be fixed or pre-defined in the standard will need to be provided in MIB. 
Time/frequency location: Assuming that SIB1x is transmitted with a fixed timing similar to legacy SIB1 (e.g. one transmission every 20 ms), only the frequency domain location needs to be indicated to the UE.
 -
If frequency hopping is used, the hopping pattern and the location of the 6 PRBs can be pre-defined (dependant on e.g. cell-id, system bandwidth and subframe number) or semi-statically configured via MIB. We prefer the first option since it consumes no bits and we see no strong reason for using more than one hopping pattern.
-
If frequency hopping is not used the location of the 6 PRBs can either be fixed (e.g. always in the center 6 PRBs) or predefined (e.g. dependent on the cell-id or system bandwidth) or semi-statically configured via MIB. The last option provides the most flexibility but consumes up to 4 (=⌊log2100/6⌋) bits in a 20MHz system. As this is probably too much, we prefer the first or second option, i.e. the frequency location is fixed/pre-defined. 
Note that RAN1 has agreed [2] that frequency hopping can be used for SIB1x at least for Rel-13 LC UEs in enhanced coverage. If frequency hopping can be enabled/disabled one bit would be needed to indicate this to UE.
MCS/TBS: Since modulation is fixed to QPSK for SIB transmission and the PRB allocation is already known, only the TBS needs to be indicated to the UE. The length of the TBS indication in MIB depends on the step size and the lower and upper size limit of SIB1x. In the previous section the size of SIB1x was estimated to range between 100 and 400 bits which means that a 4 bit TBS field is sufficient, assuming a step size of 32 bits. (Note that TBS entries should be byte aligned.)
	TBS field length
	TBS step size (absolute)
	Possible SIB1x sizes

	3 bits
	32 bits
	104-328 bits

	4 bits
	32 bits
	104-584 bits

	5 bits
	32 bits
	104-1096 bits


Another possibility is to use a relative step size. For example, a 3 bit TBS field is sufficient if the TBS is expressed in steps of approximately 1 dB. The downside is that we end up using more padding bits as we go up in TBS.
	TBS field length
	TBS step size (relative)
	Possible SIB1x sizes

	3 bits
	1 dB
	{104, 128, 160, 208, 264, 336, 432, 552} bits


Redundancy Version (RV): The RV of each transmission can be pre-defined and calculated according to some fixed formula (similar as when SIB1 is scheduled using DCI format 1C).

In total, 3-5 bits may be sufficient for the SIB1x scheduling information.  The TBS field consumes 3-4 bits and indicating if frequency hopping is enabled/disabled requires 1 bit. Therefore the SIB1x scheduling information can be included in the MIB spare bits, which is beneficial from both a system resource usage and UE power consumption point of view.
Proposal 1 The scheduling information for SIB1x that needs to be indicated in MIB consists of TBS.
2.3 Scheduling of other SIBs

2.3.1 Single or multiple SI windows
In RAN2#89bis it was agreed that the existing concepts of SI message, SI window and SI period will be re-used for Rel-13 LC/CE UEs. Unlike today where the transmission occasions are indicated via PDCCH, the transmission occasions within the SI window are configured in SIB1x. 
Two approaches can be considered to achieve the required coverage improvement: 
A. UE performs soft combining of repetitions within a single SI window (legacy behaviour)
B. UE performs soft combining of repetitions across multiple SI windows 

Figure 1 illustrates both options for the case when two SI messages (SI-1 and SI-2) are broadcasted in a cell. The scheduling parameters are shown in the box to the right and for simplicity they are the same for SI-1 and SI-2. The scheduling parameters were selected so that the system overhead is the same for Option A and B. 
Note that SIB1x is not shown in Figure 1; we assume that it is transmitted independently of the SI messages according to some pre-defined time pattern, e.g. once every 20 ms. Since SIB1x contains the SI scheduling parameters it must always be acquired before the SI messages.
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Figure 1: SI message transmission options
We can evaluate the two approaches by comparing the acquisition time for SI-1 for a Rel-13 LC/CE UE in good, medium, and poor coverage when the above scheduling parameters are used. Here the acquisition time is calculated as the time from when the UE has finished reading SIB1x and starts camping on the cell until it has successfully decoded SI-1. The reason why only SI-1 is considered is because it contains the most time critical SIBs (e.g. SIB2 which is necessary for receiving paging and performing random access). The results are summarized in the table below.
-
Since the time when the UE has finished reading SIB1x can be seen as random, the UE will need to wait half a period (on average) until it can start reading the first repetition of SI-1.  This initial waiting time will therefore be longer in Option A than in Option B due to the longer period.
-
In general, a shorter but more frequent SI window (Option B) improves the SI-1 acquisition time for UE in good/medium coverage (i.e. UEs for which the repetitions in a single SI window is sufficient) but has a negative impact on UEs in poor coverage (i.e. UEs which need to combine repetitions from several SI windows).

	
	Nr of rep. required

	SI-1 acquisition time
 (ms)

	
	
	Option A 
	Option B

	UE in good coverage
	1
	904
	184

	UE in medium coverage
	30
	1020
	300

	UE in poor coverage
	150
	1500
	1740


Since we expect a relative few number of Rel-13 LC UEs to be operating at the highest CE level, Option B can potentially reduce the acquisition time for a majority of the users.

Observation 3 Acquisition of SI messages across SI windows potentially reduces the acquisition time for Rel-13 low complexity and coverage enhanced UEs except those operating at the highest coverage enhancement level.
2.3.2 Acquiring SIB1x and SI messages within modification period
When comparing options A and B we should also consider the worst/maximum acquisition time. We need to ensure that UEs operating at the highest CE level can decode SIB1x and all the SI messages within a single modification period. 
Observation 4 A Rel-13 LC/CE UE must be able to acquire SIB1x and all the SI messages within a single modification period.
It seems that by adjusting the scheduling parameters for the SI messages this requirement can be met in both option A and B, as long as the following condition is fulfilled:
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The price we pay to meet the modification period requirement is increased overhead: as the condition approaches 1 more and more subframes need to be allocated for repetitions to ensure that all SI messages are decoded in time. In the end all subframes in a PRB group (i.e. 6 PRBs) may end up being used for SI message repetitions. (This would be the case for Option B; in Option A the situation might be better). As indicated by the expression above, we can reduce the overhead by reducing the number and size of the SI messages or by reducing the SIB1x acquisition time.
Note that in Option B the modification period requirement can generally only be met if the SI messages can be accumulated in parallel, which requires multiple HARQ buffers in the UE.  This is not a requirement today and could therefore result in additional UE complexity/cost. However, the additional implementation effort could potentially be small considering that multiple HARQ buffers are anyway needed for unicast transmission.

Proposal 2 Ask RAN1 to clarify if a Rel-13 LC/CE UE supports parallel decoding of SI transmissions
In practice, we expect that a cell configured for maximum coverage enhancement to only have a very few SI messages, say one or two. These SI messages would also likely need to be quite small (e.g. 300 bits) to limit the number of repetitions. If the modification period is set to 10.24s and it takes around 3s (150 reps x 20ms) to read SIB1x, then the coverage enhanced UE has roughly 7s to read the SI messages. We can compare this value with the time it takes to read SI-1 and SI-2 in Option B in Figure 1. If we assume that 150 repetitions are required to decode each SI message, then it takes only roughly 1.8s (150/30 x 360) to read SI-1 and SI-2.

Considering that Option B potentially improves the acquisition time for most UEs and also seems to meet the modification period requirement, we currently have a preference for Option B.

Proposal 3 Acquisition of SI messages across SI windows is used for Rel-13 LC/CE (provided multiple HARQ buffers/parallel accumulation is supported)

2.3.3 Other issues
As pointed out in e.g. [4], combining repetitions across SI windows is generally not allowed today because an SI message can change from one SI window to the next. If the UE is not aware that an update has occurred it will continue the decoding process (i.e. read more repetitions) but all decoding attempts will fail. 

- 
In general, any SIB can change across SI windows if the two SI windows lie on different sides of a modification boundary

-
SIB10/11 (ETWS), SIB12 (CMAS), SIB14 (EAB) uses a separate notification mechanism and can change across SI windows

-
SIB8 (CDMA-2000) and SIB16 (UTC time) contain timing information which always changes across SI windows
The problem described above needs to be addressed if RAN2 adopts Option B. We also note that the same type of problem arises when repetitions of SIB1x are combined.
2.4 Optimization: Joint transmission
In network configurations where SIB1x is small in size (e.g. no RAN sharing, small number of SIBs, etc), one possible optimization is to use joint transmission,  i.e. including the essential SIBs (e.g. SIB2, SIB3 and SIB14) in SIB1x rather than transmitting them as a separate SI message. This can be accomplished by adding an optional SI container inside SIB1x which contains the required SIBs. Alternatively, one could include SIB1x and the required SIBs in an SI message which is transmitted instead of SIB1x. The end result will be the same regardless of which approach is used:
-
Transmitting one large transport block requires fewer repetitions than transmitting several smaller transport blocks (due to the increased coding gain at larger block sizes)
-
The system resources normally occupied by the SI message are freed and can be used for e.g. data transmission. Alternatively the system resources can be used for repeating SIB1x, which further reduces the SIB1x acquisition time.
Using joint transmission would not always be possible due to TBS limit imposed on SIB1x (e.g. max 500 bits, see Section 2.2). However, as noted in the beginning, in some network configurations the size of SIB1x will be small and this optimization would be limited to such cases. Note that the less-critical SIBs (if any) would be transmitted as a regular SI message, similar as in the non-optimized case.
Proposal 4 Introduce a mechanism to allow for joint transmission of essential system information (SIB1x together with e.g. SIB2, SIB3, and SIB14).
3 Conclusion

In this contribution we have discussed the SI design for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observations:
Observation 1
SIB1x is either a new RRC message or a re-definition of the existing SIB1 message (SystemInformationBlockType1).
Observation 2
Further size restrictions (below 1000 bits) can be considered for SIB1x, if necessary, to reduce the number of possible transport block sizes.
Observation 3
Acquisition of SI messages across SI windows potentially reduces the acquisition time for Rel-13 low complexity and coverage enhanced UEs except those operating at the highest coverage enhancement level.
Observation 4
A Rel-13 LC/CE UE must be able to acquire SIB1x and all the SI messages within a single modification period.

Based on the discussion in section 2 we propose the following:
Proposal 1
The scheduling information for SIB1x that needs to be indicated in MIB consists of TBS.
Proposal 2
Ask RAN1 to clarify if a Rel-13 LC/CE UE supports parallel decoding of SI transmissions
Proposal 3
Acquisition of SI messages across SI windows is used for Rel-13 LC/CE (provided multiple HARQ buffers/parallel accumulation is supported)
Proposal 4
Introduce a mechanism to allow for joint transmission of essential system information (SIB1x together with e.g. SIB2, SIB3, and SIB14).
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5 Annex

The table below estimates the lower and upper size limit of legacy SIB1. Optional information elements are indicated with * and in case of lists, the size of the list is indicated within parentheses.

	SIB1
	 
	 

	Information element
	Min size
	Max size

	cellAccessRelatedInfo
	72
	224

	>plmn-IdentityList (1-6)
	25
	150

	>trackingAreaCode
	16
	16

	>cellIdentity
	28
	28

	>cellBarred
	1
	1

	>intraFreqReselection
	1
	1

	>csg-Indication
	1
	1

	>csg-Identity*
	0
	27

	cellSelectionInfo
	6
	6

	>q-RxLevMin
	6
	6

	>q-RxLevMinOffset*
	0
	3

	p-Max*
	0
	6

	freqBandIndicator
	6
	6

	schedulingInfoList (1-32)
	7
	40

	tdd-Config*
	0
	7

	si-WindowLength
	3
	3

	systemInfoValueTag
	5
	5

	Total size
	99
	297


The following simplifications/assumptions are made:

 -
In the minimum (maximum) size calculation for the schedulingInfoList, it is assumed that 2 (8) SIBs are sent in 1 (4) SI message(s). The maximum number of SIBs and SI messages are both lower than the maximum set in the standard.
-
Extensions to SIB-1 added after Rel-8 are not included in the calculation.
� This is the number of repetitions required by the Rel-13 LC/CE UE to decode SI-1.


� Calculated as Period/2 + (#reps / #reps in SI window) * SI window + ⌊(#reps – 1) / #reps in SI window⌋ * (Period  - SI window).
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