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1
Introduction
Discussions during the demodulation performance part of the NB-IoT Work Item [1] have compared the preliminary simulation results for NPBCH in [2].
Some preliminary observations were made in a noted (not approved) way forward on this topic in [3].  In this paper we further analyse NPBCH demodulation performance and its impact on the relevant RRM requirements that feature system information acquisition.
2
Discussion
To evaluate the impact of decoding NPBCH using the “keep trying” algorithm, the following simulation approach was taken:
· For 90% of the cases, quantify how many N-MIB TTIs {1,2,3,4} are needed to reach the desired SNR target
· SNR targets are -6 (normal coverage) and -15 dB (extreme coverage)
· Deployment scenario: In-band
· NRS boosting: 0 dB
In-band NPBCH demodulation result [4]:
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We observe that the 1xTTI curve intersects SNR=-11 dB without impairment margin.  Even with impairments, 1xTTI is sufficient for normal coverage.  The 6xTTI curve intersects SNR=-15 dB exactly (i.e. without impairment margin).  Further evaluation of NMIB acquisition with impairments is ongoing.
Maximum interruption in paging reception for NB-IoT is defined in Clause 4.6.2.7 of TS 36.133 [5]:


[image: image2]
We should define SI acquisition time for NB-IoT in terms of coverage level:
TSI-NB1-NC -> derived as a performance requirement from the SNR = -6 dB point

TSI-NB1-EC -> derived as a performance requirement from the SNR = -15 dB point

The RRC re-establishment delay requirement for NB-IoT is defined in Clause 6.5.2.1 of TS 36.133 [5]:
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We should define SI acquisition time for NB-IoT in terms of coverage level:

TSI-NB1-NC -> derived as a performance requirement from the SNR = -6 dB point

TSI-NB1-EC -> derived as a performance requirement from the SNR = -15 dB point

To assess the impact on performance, we consider the paging interruption requirement in EC:  without considering NPBCH keep trying performance, the expectation is 640 + 100 = 740 ms and, with NPBCH keep trying performance, may become 6x640 + 100 = 3940 ms (most likely more once we consider impairment margin)

Further, we consider the RRC re-establishment delay requirement in EC (assuming target cell is known): without considering NPBCH keep trying performance, the expectation is 100 + 14800 + 640 + 40 = 15580 ms and may become 100 + 14800 + 6*640 + 40 =  18780 ms (most likely more once we consider impairment margin).
Based on the analysis above, there are two options for further specification work,
· Option 1: Use items of TSI-NB1-NC and TSI-NB1-EC for the paging interruption and RRC re-establishment delay requirements instead of using specific numeric values. The actual value of TSI-NB1-NC and TSI-NB1-EC  shall be used in the corresponding test case.
· Option 2: Provide the actual value of TSI-NB1-NC and TSI-NB1-EC in core requirements.
Based on the previous discussion of NB-IoT in RAN4, we would like to reuse the same methodology for requirement, that is, we prefer to adopt Option 1 for future work.

Proposal 1: The requirement for different coverage cases for paging interruption and RRC re-establishment shall be specified.  The SI reading delay can be defined as TSI-NB1-NC and TSI-NB1-EC for normal coverage and enhanced coverage, respectively.
Proposal 2: Use items of TSI-NB1-NC and TSI-NB1-EC for the NB-IoT paging interruption and RRC re-establishment delay requirement instead of using specific numeric values. The actual value of TSI-NB1-NC and TSI-NB1-EC  shall be used in the corresponding test case.
Proposal 3: A document number has been reserved for an LS to RAN1 and RAN2 to inform them on the status of RAN4 evaluations of this issue.  Interested companies are encouraged to discuss potential content of this LS further offline.

3
References
[1] RP-152284, “Revised WI: Narrowband IoT,” Huawei, 3GPP RAN #70, December 2015

[2] R4-165521, “Simulation summary of NB-IoT UE demodulation requirements,” Ericsson, 3GPP RAN4 #80, August 2016
[3] R4-167117, “Way forward on NPBCH coverage study,” 3GPP RAN4 #80, August 2016

[4] R4-167242, “Discussion on NPBCH Demodulation Performance,” 3GPP RAN4 #80bis, October 2016

[5] TS 36.133, “E-UTRA Requirements for support of radio resource management,” V.13.4.0, 3GPP, June 2016

[6] R4-167299, “LS on NMIB acquisition delay for NB-IoT,” Intel Corporation, 3GPP RAN4 #80bis, October 2016

4.6.2.7	Maximum interruption in paging reception


UE shall perform the cell re-selection with minimum interruption in monitoring downlink channels for paging reception. When the UE is configured with eDRX_IDLE cycle, the UE shall not miss any paging in a PTW provided the paging is sent in at least [2] DRX cycles before the end of that PTW.


At intra-frequency and inter-frequency cell re-selection, the UE shall monitor the downlink of serving NB-IoT cell for paging reception until the UE is capable to start monitoring downlink channels of the target intra-frequency and inter-frequency cell for paging reception. The interruption time shall not exceed TSI-NB + 100 ms.








6.5.2.1	UE Re-establishment delay requirement


The UE re-establishment delay (TUE_re-establish_delay_NB-IoT) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 36.331 [2] is detected by the UE to the time when the UE sends PRACH preamble to the target cell. The UE re-establishment delay (TUE_re-establish_delay_NB-IoT) requirement shall be less than:


TUE-re-establish_delay_NB-IoT = 100 ms + NNB-Iot-freq*Tsearch_NB-IoT + TSI_NB-IoT + TPRACH_NB-IoT


	Tsearch_NB-IoT: It is the time required by the UE to search the target cell:


	If the target cell is known, then Tsearch_NB-IoT = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch_NB-IoT = [80] ms. Otherwise, Tsearch_NB-IoT = [1400] ms if Q ( -6dB or, Tsearch_NB-IoT = [14800] ms if -15dB ≤ Q < -6dB.


Note: 	Q is the NSCH Ês/Iot of target cell. A cell is unknown if it has not been measured by the UE in the last 5 seconds. Otherwise it is known.


	TSI_NB-IoT: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for the target cell.


	TPRACH_NB-IoT: The additional delay caused by the random access procedure; it will be at least 40 ms due to random access occasion and there might be additional delay due to ramping procedure.


	NNB-Iot-freq: It is the total number of NB-IoT frequencies to be monitored for RRC re-establishment; NNB-Iot-freq = 1 if the target cell is known.


There is no requirement if the target cell does not contain the UE context.











