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1 Introduction

This contribution discusses the open aspects for RAN2 to address in order to enable system information (SI) reception for the new Rel-13 low complexity (LC) UE category and UEs operating in Enhanced Coverage (EC) [1]. 
2 Rel-13 LC/EC SIB discussion
There were concerns on how these new Rel-13 SIBs for Rel-13 LC/EC UE are named e.g. Rel-13 SIBs, MTC SIBs, LC/EC SIBs, combined SIBs (cSIB) or reduced SIBs (rSIB). RAN2 tries to keep 3GPP specifications agnostic to the applications (e.g. MTC operation) to avoid limiting its scope or applicability. The main motivation behind defining new Rel-13 SIBs is the fact that the Rel-13 LC UEs only operate in 1.4 MHz narrowband within the whole system bandwidth. Therefore the narrowband characteristic could be used to refer to this new Rel-13 SIB.
Proposal 1. RAN2 to agree on naming the new Rel-13 LC/EC SIB by 'narrowband SIB' (nSIB).
RAN1 has sent to RAN2 two LSs [2]
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[3] related to the required number of repetitions for these new Rel-13 LC/EC SI messages in order to support enhanced coverage operation. In their last LS [3], RAN1 informed that frequency hopping over the system bandwidth could be used for these new nSI messages to help reducing the number of repetitions needed.

"The required number of repetitions for receiving a TB of 328 bits with 1% BLER was in one set of simulations observed to be reduced from 280-380 repetitions without frequency hopping to 128-220 repetitions with frequency hopping."

In their previous LS [2], RAN1 provided a summary of their main observations and simulation results for SI transmission [4]. This summary includes the ranges of required number of repetitions for 15dB EC considering the following scenarios: (a) contiguous repetitions without frequency hopping (FH), (b) discontinuous repetitions every 20ms without FH and (c) discontinuous repetitions less frequently than every 20ms with FH (the corresponding tables are added in Annex A for reference). It is observed that the discontinuous retransmission of the SI message when used together with the FH, provides certain time and frequency diversity gain that helps reducing the required number of repetitions; however, there is no direct or proportional relation as there are diverse aspects that impact on the performance; for example, the size of the system bandwidth, the time and frequency separation between the transmissions, the EC level needed by the UE (between 0-15dB), the power booster, the channel conditions, impairments modelling, and the transport block size used (TBS) amongst others. 
Observation 1. The number of EC repetitions required can vary drastically (e.g., as per Table 1 in Annex A, for EPA 1 and continuous case, the range of the repetitions varies from 150 up to 660), depending on multiple factors, such as, the EC level, the system BW, the discontinuous transmission periodicity, the frequency hopping patterns, the power booster, the channel conditions, impairments modelling, and the TBS. 
RAN1 also indicated in their previous LS [2] that the number of repetitions can be high and increases with the TBS. In addition, the following observations were provided, as per below, for RAN2 to consider; however it might be important to clarify and potentially add further details targeting to better understand their implications.
"The required number of repetitions can be very high.
From overhead point of view it will thus be beneficial to reduce the number of transmitted system information bits as much as possible.

The required number of repetitions increases with the TBS.

However, it appears to be more efficient to transmit a fixed number of system information bits in one single TB (up to the simulated maximum TBS of 1000 bits) rather than splitting them into separate smaller TBs."
The clarification points for RAN2 to consider, based on the above observations, are the following:

· Legacy system information behaviour allows that multiple SIBs are mapped into the same (RRC) SI message assuming that those SIBs have same periodicity and the total SI message size does not exceed the maximum sized allowed by PHY layer, which for Rel-13 LC UEs is 1000bits. Therefore RAN1 statement, on "beneficial to reduce the number of transmitted system information bits", refers to the size of (RRC) nSI messages and not necessarily to the size of the individual nSIBs. In addition, RAN2 agreed to "apply the current SI message concept to EC/LC, i.e., one or more SIBs can be multiplexed into an SI message"; therefore it might not be needed to combine IEs in fewer nSIBs or to fully change legacy SIB definition. 
· From RAN1 point of view, there is a trade-off between the turbo coding gains (i.e. having larger size of a nSI message helps maximizing the turbo decoding gain) and the required number of repetitions (i.e. having minimum nSI message size, helps reducing the required number of repetitions). Our understanding is that, due to the potential turbo decoding gain, RAN1 indicated that it is "more efficient to transmit a fixed number of system information bits in one single TB rather than splitting them into separate smaller TBs"; however reducing the nSI message size, at least for those that UE needs to read frequently, could help minimizing the amount of required repetitions, which would lead to a reduction of the nSI acquisition time and the UE power consumption.
Observation 2. RAN1 inputs indicated that it is beneficial to reduce the Rel-13 nSI message size but this does not necessarily refer to the nSIB IEs.
Proposal 2. RAN2 to agree that from RAN2 side, minimizing, if possible, the amount of system information broadcasted and the nSI message size helps reducing the required number of nSI message repetitions, SI acquisition times and the UE power consumption.
Rel-13 LC/EC SIB1 (nSIB1) message
The legacy SIB1 message has a periodicity of 80ms and is repeated every 20ms, in comparison to other legacy SI messages that have a periodicity value within the range of 80ms to 5.12sec and are allowed to be repeated multiple times within the SI window, which ranges from 1ms to 40ms. The periodicity and the repetition pattern of the new Rel-13 nSIB1 message needs to be discussed separately. It can be assumed that any Rel-13 LC/EC UE might need to acquire nSIB1 frequently, for example, to determine if there is a change of other nSI messages or to check if a cell is available/barred to camp on or to find the scheduling information of other nSI messages, amongst others. Therefore, as explained in previous section, it would be helpful if at least the size of nSIB1 is limited to a smaller number than 1000bits.
Our understanding is that legacy SIB1 periodicity value, 80ms, was motivated by the typical frequency that PLMN Id is sent [5]
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[7]. For the new nSIB1 message, different options could be considered in order to support its repetitions that enable enhanced coverage mode; details are explained below and shown in Figure 1:
Option a. Legacy SIB1 periodicity. All the new repetitions of nSIB1 are handled within legacy SIB1 period i.e. the EC nSIB1 periodicity, TnSIB1, is same as legacy SIB1 periodicity, 80ms. This approach guarantees that the information sent over nSIB1 can be updated with same frequency as legacy SIB1 and also allows acquisition of the scheduling information for other nSI message similar to legacy one; however, if the amount of required repetitions is high, a lot of subframes within the 80ms would carry copies of nSIB1 message.
Option b. Extended compared to legacy SIB1 periodicity. All the new repetitions of nSIB1 are handled within a longer period than legacy SIB1 period that is referred as EC nSIB1 period, TnSIB1. Assuming that some of the IEs sent in nSIB1 might be common to the ones sent in legacy SIB1, it could be assumed that both periods might be multiple i.e. TnSIB1 = K*TSIB1. On high level the impact would be the opposite as described for option a.
Both options would be feasible depending on the amount of repetitions that need to be handled in worse case (assuming maximum size of nSIB1); however, as it is explained before, reducing the nSIB1 acquisition time would be preferred by limiting the maximum size of nSIB1 message (for reference, legacy SIB1 size is around 33bytes).
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Figure 1. nSIB1 periodicity options to enable EC mode
Proposal 3. RAN2 to agree to limit the maximum size allowed for Rel-13 nSIB1 aiming to reduce the number of EC repetitions required. The Rel-13 nSIB1 maximum size value is FFS (i.e. being a number below 1000bits).

Proposal 4. RAN2 to discuss and agree on defining nSIB1 period to be either option (a) "same legacy SIB1 periodicity", or option (b) "extended legacy SIB1 periodicity", while being multiple of it. The amount of repetitions allowed for nSIB1 and their time/frequency allocations are FFS.
Rel-13 LC/EC SI (nSI) message
This section evaluates the nSI acquisition delay impacts of combining nSI message across different SI windows as per RAN2#89bis' agreements shown below.
"We apply the current SI message concept to EC/LC, i.e., one or more SIBs can be multiplexed into an SI message.
As baseline the UE accumulates SI messages from a single extended SI window (legacy behaviour). Can evaluate whether acquisition of SI messages across multiple SI window (interleaved) and interleaved SI messages decoding is feasible. "
Following legacy SI message concept two approaches are considered as shown in Figure 2 [8]:
Approach A. Rel-13 nSI messages are repeated across different SI periods. The main advantage is that the SI mechanism allows a Rel-13 LC UEs, not operating in EC mode, to acquire an nSI message in similar time boundaries as legacy UEs (i.e. it would not need to combine nSI message copies from different SI periods). On the other hand, any Rel-13 UEs using EC mode, requiring more repetitions than the ones that fit within a legacy SI window, would have to combine copies of the same nSI message between different SI windows. Such span over several SI periods is referred as the 'EC SI period' in Figure 2 (understanding that this 'EC SI period' might or might not be the same as Rel-13 BCCH modification period). Ideally, this approach requires the UE to use more than one HARQ processes for broadcast, i.e. at least the same number as the number of nSI messages that need to be decoded in parallel, and to have enough memory/buffer space. Therefore, if a low complexity UE only has 1 HARQ processes available for the reception of broadcast and/or small buffer/memory, it could not combine all the nSI messages in parallel. Instead, some of them would be decoded sequentially, and the delays to acquire the multiple nSI messages would increase drastically. Therefore the following flavors are considered:
Approach A-1. UE combines/decodes multiple nSI messages in parallel

Approach A-2. UE decodes each nSI messages sequentially. 
Our understanding is that UE should be able to handle approach A-1 in diverse ways without requiring to do approach A-2, for example: 
· For a UE supporting EC, multiple broadcast HARQ processes are used.
· It is left up to UE implementation i.e. even legacy only defines a single broadcast HARQ process, the UE can handle/combine the different Rel-13 nSI messages e.g. partitioning its soft buffer based on UE implementation and/or re-using some of the dedicated HARQ process in order to speed up reception of SIBs in idle mode understanding that for connected mode it may not be necessary to have more than one broadcast HARQ process as UE could receive the sequentially (as mainly requires to receive MIB, nSIB1 and nSIB2).
Approach B. Rel-13 nSI messages are only combined within the same extended SI window. The legacy SI-window and SI-periodicity would have to be extended in order to accommodate all required repetitions. Therefore, any Rel-13 LC UE will experience longer delays as the nSI messages are sent and repeated sequentially. The main concern is if it is acceptable to increase the SI acquisition delays for any Rel-13 LC UE that is not using EC mode, as it is explained in the analysis below and in Figure 3. In addition, it was pointed that this might be disadvantageous as other technologies used on the M2M market do not experience those access delays.
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Figure 2. Approaches that enables the repetitions of nSI message in order to support EC mode

The nSI acquisition delays are analyzed based on the following simulation assumptions and the main results are shown in Figure 3; for further reference, other results and simulation details are included in Annex B.
· The following abbreviations are used in the figures and the descriptions below: 'EC A-1', ‘EC A-2’, and ‘EC B’ refers to Rel-13 UEs using EC based on approach A-1, A-2, and B, respectively; and 'noEC B' refers to Rel-13 UEs not using EC based on approach B; in addition, a common term 'noEC A' is used for Rel-13 UEs not using EC based on either approach A-1 or A-2, understanding that the acquisitions delays are the same as it is shown in Figure 2. In addition, ‘nSI_W’ and ‘nSI_T’ denotation is used to refer to the “nSI window” and “nSI periodicity” respectively.
· For simplicity and to capture the main impacts on nSI acquisition delay, it is assumed that all subframes within the nSI_W are contiguously used to repeat the same nSI message In reality, some subframes might not be available, e.g. subframes used for MBSFN, or the repetition pattern of a nSI message might not require such contiguous transmissions in time, as explained in previous section; however, even if those aspects would be considered the observations of the overall tendency would be similar and mainly show an increase of the absolute acquisition delays.
· For approach B, the length of each nSI_W is extended, i.e. to cover all the repetitions required for a nSI message, choosing the smallest multiple available within legacy number.   

Figure 3 shows the absolute nSI acquisition delay, in seconds, as well as the relative delay-increase over the default/legacy approach of noEC A. The lowest and highest range of repetitions, 150 and 660, are chosen from the channel EPA-1 with 1% BLER, as shown in Annex A Table 1, and it is assumed that all nSI messages require the same number of repetitions with different combinations of nSI_W and nSI_T for each use-case. For doing a fair comparison, in Figure 3, it is also assumed that in approach A-1/A-2, all nSI messages have the same periodicity, nSI_T, and that nSI_T is fully occupied by the different nSI_W(s). For example, the second use-case assumes 2 SI messages and  nSI_T=80ms, therefore nSI_W=40ms is taken for each nSI message For completion, additional results are included in Annex C considering other setting, such as, different numbers of repetitions amongst each nSI messages.
Figure 3 shows that a UE not using EC, 'noEC A', has the minimum acquisition delay as it only needs a single copies of each nSI message and in general, the absolute delay is observed to be dependent on the number of nSI messages and their length of nSI_W(s)/nSI_T(s). In addition, the delay from Approach B, for any UE (EC or noEC), has comparable acquisition delay impacts to Approach A-1, for UE using EC. Moreover, for a UE using EC, further aspects can be observed. For example, the results of 4 nSI messages use cases with nSI_T=160ms, yellow bar in Figure 3, when 150 repetitions are required, the acquisition delays of 'noEC B’, ‘EC A-1’, and ‘EC B’ has around 3-4 times more than for 'noEC A' (i.e. around 300-400ms vs 100ms); although 'EC A-2’ requires around 16 times more time to acquire all nSI messages (i.e. around 2sec vs 100ms). However, when 660 repetitions are required, the acquisition delays of 'noEC B’, ‘EC A-1’, and ‘EC B’ has around to 20-35 times more than that of 'noEC A' (i.e. around 3-4sec vs 100ms) ; while 'EC A-2’ incurs around 80 times more time (i.e. around 10sec vs 100ms). Overall, the acquisition delays from Approach A-1 are comparable or even better than those of Approach B in all use-cases. It is also important to keep in mind, as previously explained, that the acquisition delay might be higher, e.g., if repetitions are not contiguous or all subframes are not available within a nSI_W or if each nSI message has different nSI_T.

Observation 3. Approach B, 'nSI messages are combined within the same extended SI window', has minimal UE impact, however might force to any Rel-13 LC UEs not using EC to suffer high nSI acquisition delays, i.e. at least in order of 50 times more than legacy case.
Proposal 5. RAN to agree on Approach A 'nSI messages are combined within different extended SI window' in order to avoid high SI acquisition delays for any Rel-13 LC UE in normal coverage (i.e. not using EC).
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Figure 3. nSI acquisition delays and relative delay-increase in comparison to case 'noEC A'
Rel-13 LC/EC SI change or update
The periodicity concept of the nSI messages is discussed assuming the approach A "Rel-13 nSI messages are repeated across different SI periods", as per previous proposal,. As explained above and shown in Figure 1, a new 'EC SI period' can be considered to differentiate the boundaries on which the Rel-13 EC/LC SI message could potentially change its content. Alternatively, this EC SI period could be the same as the actual Rel-13 BCCH modification or the Rel-13 BCCH modification period could contain "k" EC SI periods, being k an integer number greater than 1. The EC SI period boundaries allow the UEs to know when to start or stop combining the nSI messages, in order to avoid that UE combines nSI messages that could have different content. In this regard the network would have to avoid changing the information in the nSI messages in the middle of the EC SI period.

Proposal 6. Assuming that proposal 5 is agreed, RAN2 to agree on defining an "EC SI period" to indicate the boundaries where the nSI message content could be change.

Proposal 7. Assuming that proposal 6 is agreed, RAN2 to agree defining that the Rel-13 BCCH modification period contains "k" EC SI periods, being k an integer number greater than 0.
Rel-13 nSIB1, most likely, will contain the value tag similar to SIB1 in order to trigger the re-acquisition of other SIBs. In this regard, it might be important to discuss if it is beneficial to have a different value tag for Rel-13 LC UE and Rel-13 UEs using EC or to have indication of the SI messages that has changed or to increase the SI validity time that triggers the UE to re-acquisition them.
Proposal 8. RAN2 to discuss if there is benefit to have a different value tag for Rel-13 LC UE and Rel-13 UEs using EC or to have indication of the SI messages that have changed or to increase the SI validity time.
3 Conclusion
Observations and proposals addressing the open aspects in order to enable SI reception for the new Rel-13 LC UE category and UEs operating in EC:
Proposal 1. RAN2 to agree on naming the new Rel-13 LC/EC SIB by 'narrowband SIB' (nSIB).
Observation 1. The number of EC repetitions required can vary drastically (e.g., as per Table 1 in Annex A, for EPA 1 and continuous case, the range of the repetitions varies from 150 up to 660), depending on multiple factors, such as, the EC level, the system BW, the discontinuous transmission periodicity, the frequency hopping patterns, the power booster, the channel conditions, impairments modelling, and the TBS. 

Observation 2. RAN1 inputs indicated that it is beneficial to reduce the Rel-13 nSI message size but this does not necessarily refer to the nSIB IEs.
Proposal 2. RAN2 to agree that from RAN2 side, minimizing, if possible, the amount of system information broadcasted and the nSI message size helps reducing the required number of nSI message repetitions, SI acquisition times and the UE power consumption.
Proposal 3. RAN2 to agree to limit the maximum size allowed for Rel-13 nSIB1 aiming to reduce the number of EC repetitions required. The Rel-13 nSIB1 maximum size value is FFS (i.e. being a number below 1000bits).

Proposal 4. RAN2 to discuss and agree on defining nSIB1 period to be either option (a) "same legacy SIB1 periodicity", or option (b) "extended legacy SIB1 periodicity", while being multiple of it. The amount of repetitions allowed for nSIB1 and their time/frequency allocations are FFS.

Observation 3. Approach B, 'nSI messages are combined within the same extended SI window', has minimal UE impact, however might force to any Rel-13 LC UEs not using EC to suffer high nSI acquisition delays, i.e. at least in order of 50 times more than legacy case.
Proposal 5. RAN to agree on Approach A 'nSI messages are combined within different extended SI window' in order to avoid high SI acquisition delays for any Rel-13 LC UE in normal coverage (i.e. not using EC).

Proposal 6. Assuming that proposal 5 is agreed, RAN2 to agree on defining an "EC SI period" to indicate the boundaries where the nSI message content could be change.

Proposal 7. Assuming that proposal 6 is agreed, RAN2 to agree defining that the Rel-13 BCCH modification period contains "k" EC SI periods, being k an integer number greater than 0.
Proposal 8. RAN2 to discuss if there is benefit to have a different value tag for Rel-13 LC UE and Rel-13 UEs using EC or to have indication of the SI messages that have changed or to increase the SI validity time.
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5 Annex A
Table 1. Range of required number of repetitions for 15 dB coverage enhancement with single antenna receiver as presented by the different companies (provided in RAN1 LS [2]

 REF _Ref419212319 \r \h  \* MERGEFORMAT 
[3])

	
	”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


Table 2. Range of required number of repetitions for 15 dB coverage enhancement using different additional coverage enhancement techniques.
	
	EPA 1

	TBS (bits)
	10% / 1%
	1%
	10 % / 1%

	152
	32 / 128
	
	

	328
	64 / 185
	160
	50 / 80

	504
	100 / 246
	256
	64 / 100

	1000
	
	
	128 / 170

	Note:
	Freq.hop + PSD boost, continuous
	Freq.hop + precoder cycling, continuous
	Freq.hop, discontinuous


6 Annex B

Other simulation results are added below for further reference:
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Figure 4. Acquisition delays with different repetitions numbers
The above figure shows the impact on the acquisition delay when considering different repetitions numbers over nSI messages. For simplicity, 2 nSI messages are considered, and it is assumed that both have the same nSI_T=160ms, while the first nSI message needs 150 repetitions and the other needs 256 repetitions. In this setting, the first use-case configures nSI_W=[40ms, 80ms] respectively for 2 nSI messages, while the second use-case configures the opposite, i.e., nSI_W=[80ms, 40ms] respectively for 2 nSI messages. As before, the contiguous transmissions over all subframes within a nSI_W is considered to capture the main characteristic.
Note that the acquisition delays of ‘EC A-1’, and ‘EC A-2’ are much smaller for the first use-case than for the second use-case. The reason is because the total time required to finish combining all repetitions are smaller for the first use-case due to the choice of nSI_W=[40ms, 80ms]. However, in terms of ‘noEC B’ and ‘EC B’, both use-cases shows no difference as the approach B obtains all the repetitions of each message sequentially over time. As similar to the approach B, from the network-side point of view, both use-cases have no difference on the required number of resources that needs to be allocated for total of 406 repetitions of both messages over time. However, this simple example shows the possibility, when considering approaches A-1/A-2, that the acquisition delay can be further optimized by the right configurations of nSI_T, nSI_W parameters, depending on the number of repetitions required and the repetition pattern within a nSI_W. 
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Figure 5. Acquisition delays for scenarios with different parameters and large number of nSI messages
The above figure also shows the impact on the acquisition delay when considering different parameters. The first four use-cases consider 4 nSI messages with the fixed set of repetitions [150,300,373,535] for each nSI message but with different nSI_T and nSI_W parameters. Following the similar analysis done in Figure 4, one can see that the acquisition delay of the fourth use-case (nSI_T=80ms, nSI_W=[10ms,15ms,20ms,35ms]) outperforms the other use-cases overall. In the fourth use-case, nSI_W=35ms for the fourth nSI message is not defined as one of the legacy SI window lengths, but here it is deliberately chosen to show the possibility of further acquisition delay optimizations by configurations. As in Observaion 1, the number of required EC repetitions can vary drastically depending on multiple factors. However, once the required numbers of repetitions are decided, it can be left up to eNB implementation to configure the parameters of each nSI message for better acquisition delays for both UE with/without using EC. 
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