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1
Introduction
The recently approved Work Item on Enhanced NB-IoT (eNB-IoT) [1] has defined the following objectives:


[image: image1]
A RAN4 analysis of the system acquisition latency performance of the Rel-13 NB-IoT has concluded the following [6]:


[image: image2]
These observations clarify the motivation for improving the system information acquisition latency for Rel-14 eNB-IoT.
2
Discussion

The core and performance parts of the radio resource management specification TS 36.133 [3] define the delay requirements for paging interruption, cell re-selection delay, and RRC re-establishment delay, as shown in Table 1 below.
Table 1: Summary of RRM procedure delays based on system acquisition performance for NB-IoT
	Parameter
	Cat 0
	Cat NB1 in NC
	Cat NB1 in EC

	Paging interruption
	1330
	8420
	41660

	Cell re-selection to detected cell
	8000
	14820
	54360

	RRC re-establishment
	1500
	9900
	72540

	NOTE 1:  The parameters T_MIB-NB and T_SI are defined in TS 36.133
NOTE 2: The terms NC and EC are abbreviations for normal coverage and enhanced coverage, respectively

NOTE 3: The values for SI acquisition delays for Category NB1 UEs have been derived using baseband only simulations and do not include RF impairment margin

NOTE 4: The SIB2-NB acquisition delay depends on network configuration


Observation 1: Because the summary of Rel-13 NB-IoT SI acquisition latency is derived using baseband only simulations that do not include RF impairment margin, we anticipate that results that do include the margin to result in increased in the delays, depending on the RF margin used for the simulations.

Observation 2: According to Intel’s analysis in [11], 2 MIB-NB TTIs are necessary to demodulate the MIB-NB under NC conditions with RF margin

Observation 3: According to Intel’s analysis in [12], SIB1-NB reception may fail under EC conditions with RF margin
The potential enhancements aim to reduce the above latencies.
RAN4 has defined the typical SNR conditions for coverage extension scenarios to be -6 dB for normal coverage (NC) and -12 dB for enhanced coverage (EC) [3].  Figure 1 below illustrates the NPBCH simulation results from [7], [8].
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Figure 1: NPBCH simulation results [8];
b) NPBCH simulation results using multiple NPBCH TTI [7]
It can be observed that the NC target cannot be achieved when decoding NPBCH using a single TTI, and multiple TTIs (parameterized by window length, as shown in Figure 1b) are necessary.

According to the NPBCH demodulation requirement in TS 36.101 [2], the required SNR to achieve 1% error rate in NPBCH decoding using a single PBCH TTI is -2.0 dB (Figure 2 below).
[image: image5.png]8.12.3.1.1 Single-antenna port performance with single NPBCH TTI

For the parameters specified in Table 8.12.3.1-1 the average probability of a miss-detecting NPBCH (Pm-bch) shall be
below the specified value in Table 8.12.3.1.1-1. The downlink physical setup is in accordance with Annex C.3.6.

Table 8.12.3.1.1-1: Minimum performance NPBCH

Test | Banawidth | Reference | Propagation |  Antenna Reference value
number Channel | Condition | configuration [ Pm-bch (%) | SNR (dB)
and
correlation
Matrix
1 200KHz_| RNBIid EPAT x1 1 200





[image: image6.png]8.12.3.1.2.1 Minimum Requirement 2 Tx Antenna Port with multiple NPBCH TTIs

For the parameters specified in Table 8.12.3.1-1 the average probability of a miss-detected NPBCH (Pm-bch) shall be
below the specified value in Table 8.12.3.1.2.1-1. The downlink physical setup is in accordance with Annex C.3.6.

Table 8.12.3.1.2.1-1: Minimum performance NPBCH

Test | Bandwidth | Reference | Propagation |  Antenna Reference value
number Channel | Condition | configuration [Pm-bch (%) | SNR (dB)
and
correlation
Matrix
1 200KHz | RNB12 EPAT 2x1 1 1151





Figure 2: NPBCH demodulation requirement [2]
Thus, the performance gap in NPBCH demodulation performance, when using a single NPBCH TTI, is 4 dB for NC and 10 dB for EC.  These gaps are the performance targets of the proposed enhancement.

Observation 4: In order to achieve an improvement of 4 dB, NPBCH symbol density should be increased for eNB-IoT.  Assuming NPBCH symbol density can be increased by a factor of 2, RAN4 should also study the feasibility of cross-subframe techniques, as a baseline assumption for the Rel-14 eNB-IoT reference receiver, in order to achieve the balance of the targeted improvement.
Figure 3 below illustrates the Rel-13 NB-IoT design of NPBCH [4].
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Figure 4: NPBCH in Rel-13 NB-IoT

In order to obtain a 3 dB SNR improvement for NC, one approach is to double the total number of NPBCH symbols available to a potentially enhanced Rel-14 eNB-IoT UE.  These symbols can be added as additional repetitions of the Rel-13 NPBCH symbols in the same carrier where NPBCH symbols are transmitted but in different subframes.  Figure 4 below illustrates an example where the enhanced NPBCH repetitions are added to SF4 during each odd numbered frame.
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Figure 5: Proposed enhanced repetition of PBCH in SF4

We note that subframes other than SF4 may be possible.  This achieves 50% of the anticipated symbol density.  Another potential approach is to place the enhanced repetition of PBCH in SF9 during each odd numbered frame, as shown in Figure 5 below.
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Figure 6: Proposed enhanced repetition of PBCH in SF9

The two alternatives together increase the NPBCH symbol density by 100%.

The mechanism of informing the UE that additional resources are available may be either defined in the specification (e.g. as a Rel-14 requirement or a requirement for a later release) or as a parameter signaled by the higher layers in the system information block (SIB).  In the case of the latter mechanism, the UE may be required to utilize the enhanced PBCH repetitions for procedures other than initial cell access.

Another approach is to add NPBCH repetitions in subframes corresponding to both alternatives, such as shown in the example in Figure 6 below.
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Figure 7: Proposed enhanced repetition of PBCH in SF4 and SF9

We note that subframes other than SF9 may be possible.

The mechanism of informing the UE that additional resources are available may be either defined in the specification (e.g. as a Rel-14 requirement or a requirement for a later release) or as a parameter signaled by the higher layers in the system information block (SIB).  In the case of the latter mechanism, the UE may be required to utilize the enhanced PBCH repetitions for procedures other than initial cell access.
Based on the above discussion of the potential approaches to implementing an enhancement of the NPBCH design in Rel-14 eNB-IoT, the following proposals can be made.

Proposal 1: for Rel-14 eNB-IoT UEs, RAN4 should enhance the RRM performance requirement on MIB-NB acquisition latency (including the RF impairment margin) to be within 1 MIB-NB TTI (640 ms)  .

Proposal 2: for Rel-14 eNB-IoT UEs, RAN4 should enhance the NPBCH demodulation performance requirement to enable MIB-NB acquisition in normal coverage to reach the target SNR of [-6] dB within 1 MIB-NB TTI (640 ms).
RRM procedures for NB-IoT require the UE obtain both the MIB and SIB1-NB in all cases when system information (SI) is required (except handover).  Thus, a reduction of SIB1-NB acquisition latency can lead to overall latency performance improvement for idle mobility scenarios, such as cell re-selection, paging interruption, and RRC re-establishment.

It has been observed in [6] that the current specifications do not clarify whether the UE is expected to re-acquire the MIB-NB in those situations where the UE does not acquire the SIB1-NB before the end of the SIB1-NB modification period.  According to results in [9], such situations may be possible in EC.

One method of optimizing the SIB1-NB acquisition latency is via network configuration.  When the network is configured to maintain a persistent (i.e. several tens of seconds) scheduling configuration of the SIB1-NB in the MIB-NB contents, the UE may not be required to re-acquire the MIB-NB in those situations when it does not acquire the SIB1-NB before the end of the SIB1-NB modification period.

Another way may be to capture in the 3GPP specifications a persistence setting for the SIB1-NB scheduling information in the MIB-NB such that the network is not allowed to change the SIB1-NB scheduling information over a sufficiently long (i.e. several tens of seconds) period.  
Proposal 3: for Rel-14 eNB-IoT UEs, RAN4 should enhance the RRM performance requirement on SI acquisition latency in enhanced coverage

Proposal 4: As a technique to derive additional gains (on the order of 1 to 1.5 dB, potentially), RAN4 should also study the feasibility of cross-subframe techniques, as a baseline assumption for the Rel-14 eNB-IoT reference receiver
3
Conclusions

Based on the above discussion, the following observations and proposals have been made:
Observation 1: Because the summary of Rel-13 NB-IoT SI acquisition latency is derived using baseband only simulations that do not include RF impairment margin, we anticipate that results that do include the margin to result in increased in the delays, depending on the RF margin used for the simulations.

Observation 2: According to Intel’s analysis in [11], 2 MIB-NB TTIs are necessary to demodulate the MIB-NB under NC conditions with RF margin

Observation 3: According to Intel’s analysis in [12], SIB1-NB reception may fail under EC conditions with RF margin
Observation 4: In order to achieve an improvement of 4 dB, NPBCH symbol density should be increased for eNB-IoT.  Assuming NPBCH symbol density can be increased by a factor of 2, RAN4 should also study the feasibility of cross-subframe techniques, as a baseline assumption for the Rel-14 eNB-IoT reference receiver, in order to achieve the balance of the targeted improvement.
Proposal 1: for Rel-14 eNB-IoT UEs, RAN4 should enhance the RRM performance requirement on MIB-NB acquisition latency (including the RF impairment margin) to be within 1 MIB-NB TTI (640 ms)  .

Proposal 2: for Rel-14 eNB-IoT UEs, RAN4 should enhance the NPBCH demodulation performance requirement to enable MIB-NB acquisition in normal coverage to reach the target SNR of [-6] dB within 1 MIB-NB TTI (640 ms).
Proposal 3: for Rel-14 eNB-IoT UEs, RAN4 should enhance the RRM performance requirement on SI acquisition latency in enhanced coverage

Proposal 4: As a technique to derive additional gains (on the order of 1 to 1.5 dB, potentially), RAN4 should also study the feasibility of cross-subframe techniques, as a baseline assumption for the Rel-14 eNB-IoT reference receiver
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Positioning:


Introduce E-CID core requirements:


RSRP/RSRQ measurement [RAN4 only]


UE Rx-Tx time difference measurement [RAN4 only]


OTDOA is supported


Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB


To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact


UTDOA positioning is supported under the following conditions:


It uses an existing NB-IoT transmission


It can be used by Rel-13 UEs


Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1


Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification


Multicast:


Extend Rel-13 SC-PTM to support multi-cast downlink transmission (e.g. firmware or software updates, group message delivery) for NB-IoT [RAN2 lead, RAN1, RAN4, RAN3] 


Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH, and coverage enhancement, e.g. repetitions


Non- Anchor PRB enhancements


Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 


Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]


Mobility and service continuity enhancements


Enhancement(s) to connected mode mobility in order to improve service continuity and avoid NAS recovery for both CP and UP solutions without the increasing of UE power consumption.   [RAN2, RAN3,RAN4].


New Power Class(es)


Evaluate and, if appropriate, specify new UE power class(es) (e.g. 14dBm), and any necessary signaling support, to support lower maximum transmit power suitable for small form-factor batteries, with appropriate MCL relaxations compared to Rel-13 (RAN4, RAN2).


Power consumption and latency reduction


Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].





1. Overall Description


RAN4 has discussed the acquisition delays associated with the reception of system information for Rel-13 Category NB1 UEs.  Table 1 below provides a summary.





Table 1: Summary of acquisition delays of system information


Parameter�
Cat 0�
Cat NB1 NC�
Cat NB1 EC�
�
T_MIB-NB�
50�
640�
2560�
�
T_SIB1-NB�
�
5120�
29440�
�
T_SIB2-NB�
�
2560�
9560�
�
T_SI for cell re-selection�
1280�
8320�
41560�
�
T_SI for RRC re-establishment�
1280�
8320�
41560�
�
NOTE 1: The parameters T_MIB-NB and T_SI are defined in TS 36.133


NOTE 2: The terms NC and EC are abbreviations for normal coverage and enhanced coverage, respectively


NOTE 3: The values for SI acquisition delays for Category NB1 UEs have been derived using baseband only simulations and do not include RF impairment margin


NOTE 4: The SIB2-NB acquisition delay depends on network configuration�
�



Observation 1: It is RAN4 understanding that the acquisition delay of the MIB-NB and SIB1-NB may become greater than or equal to the SIB1-NB modification boundary, and then the UE may have to re-acquire the MIB-NB.





Observation 2:  Since the SI acquisition delay values for NB-IoT in Table 1 are derived from baseband only simulations, the inclusion of RF impairment margin is expected to increase the delays for both coverage conditions.





RAN4 respectfully asks RAN1 and RAN2 to take the above analysis into account in their future NB-IoT enhancements.





2. Actions


To RAN1 and RAN2 groups:


Action 1: RAN4 respectfully asks RAN1 and RAN2 to consider future enhancements that can reduce the system information acquisition delay.





Action 2: RAN4 respectfully asks RAN1 and RAN2 to clarify whether the UE is expected to re-acquire the MIB-NB in those situations where the UE does not acquire the SIB1-NB before the end of the SIB1-NB modification period.









