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1. Introduction
For NB-IoT, it was agreed that PCCH configuration change, and more generally any change impacting the reachability of the UE, could be signaled using the SI update notification procedure. The procedure was inherited from eMTC/eDRX, which inherited the concept from legacy LTE.

During eMTC/eDRX discussions, it was acknowledged that the procedure is resource consuming, but this was not considered as an issue as the procedure itself is assumed to be rare.

With the introduction of Rel-14 NB-IoT enhancements, it is possible to define several paging carriers, adjust the proportions of UEs on each carrier, adapt the power boost of each carrier, etc. More frequent SI updates impacting reachability are expected.

In this contribution, we analyze the drawbacks of the existing procedure and propose a lighter alternative, in case enhancements to the Rel-13 procedure are deemed necessary.
2. Discussion
2.1. UE reachability

Even if the majority of use cases envisaged for NB-IoT are UL related and may not have strong reachability requirement, there are some use cases requiring reachability. System requirements / expected traffic for such MT services can be found in [2]. In [2], the assumption is that 20% of UEs in a cell would require MT traffic.
Obviously, these MT use cases should be supported without excessive paging service disruption. 
If PCCH configuration changes are relatively frequent, it should be considered whether the existing procedure is appropriate and ensure continuity in UE reachability. 

2.2. SI update notification procedure (Rel-13)
In NB-IoT/eMTC, there are basically 2 ways for a UE to be informed of SI change:

· SIB validity check (i.e. read SI value tag) 

· SI update notification sent in PO (Paging Occasion CCH or Paging Record) 

SIB validity check requires UE to acquire MIB. In order to avoid excessive power consumption, it was desired to limit this check – the SIB validity timer was extended to 24h.

In case of SI update impacting UE reachability (PCCH configuration), paging service continuity can be ensured by using the SI update notification procedure. 
SI update notification procedure

This procedure relies on notifying all UEs in a cell by addressing them while they monitor their PO.

Our understanding is that, in order to warn all UEs in the cell, the eNB needs to send SI update notification (M/NPDSCH if case there is a paging, or M/NPDCCH direct information DCI when there is no paging in the PO):
· On all possible POs (e.g., if nB=1, on all Radio Frames)
· On all possible paging NBs (for eMTC), or paging carriers (for Rel-14 NB-IoT)
· During the maximum eDRX cycle (for eMTC, 43min; for NB-IoT, 2.91h)
· Using for each M/NPCCH or M/NPDSCH the number of repetitions corresponding to the maximum EC level in the cell
As it can be seen, this procedure is excessively resource consuming. This is expected as it uses the paging channel as a broadcast notification channel whereas it is designed first to be used as a dedicated notification channel.

During eMTC/eDRX work items, this was discussed and there were proposals e.g. to use a “fixed PO” to signal this changes. Eventually the following was concluded:

“It was acknowledged offline that paging in every occasion consumes resources but network vendors and operators are not too concerned. We can send an LS to RAN1 asking if they can include an indication on ETWS/CMAS and EAB and ask how many M-PDCCH repetitions are needed.” (RAN2#91bis 7.4 eMTC)

In NB-IoT, it can be noted that the situation is even worse than in eMTC since:

· The maximum eDRX cycle is 2.91h (4 times more than eMTC)

· More repetitions are required to reach high CE levels
· For NPDCCH paging CSS, the maximum number of repetitions ranges between 1 and 2048. Typically, to reach extreme coverage UEs, at least 128 repetitions could be expected (assuming 6dB power on the anchor carrier). On a non-boosted carrier, up to 512 could be expected. 

· It is our understanding that even when using a Direct Indication DCI, with only a few valid information bits, the number of repetitions required is not reduced (compared to a normal Paging NPDCCH DCI). This is because other bits are reserved and the UE should not make any supposition on such bits (which may be used in the future).

PO density tradeoff
For paging purpose, it is beneficial to spread UEs across as many POs as possible. Ultimately, if each UE has its own PO, there is no false paging and UE power consumption is minimized. The less the PO density, the more the probability of false paging and the UE power consumption, including for UEs not at all interested in MT services. In the Annex, we detail the calculation of false paging probability. With the nominal MT traffic use case from [2], and 1 PO every 1.28s, it is around 92%.

For SI update notification purpose, on the contrary it is beneficial to concentrate UEs on as few POs as possible. Ultimately if only one PO was used, all UEs could be reached with only one notification. On a non-boosted carrier, up to 512 repetitions could be needed. Taking into account invalid subframes, it seems not possible to run the procedure if POs are more frequent than e.g. 1 PO every 1.28s. 

The PO density can be adjusted with the parameter nB (as well as the number of PNBs in eMTC). It can be set to a quite low value before starting to reach paging capacity issues. However, a high PO occupancy (hence power consumption) is reached much faster. 

In our view, it would be unfortunate that a low PO density needs to be configured just to accommodate the SI update notification procedure, as it comes with a direct impact on UE power consumption.
Observation 1: the SI update notification procedure may require a very low nB which will increase the false paging rate and UE power consumption
2.3. SI change notification through SI
Conversely, NB-IoT UEs need to check the SI validity at least once every 24h. This could be leveraged to have a similar notification mechanism at SI level, with a SI update aligned with future boundary. A possible mechanism could be as follows (see also Figure 1)

· When a SI change requiring synchronization is expected, a SI Change Notification IE is broadcasted (ValueTag is incremented). Within 24h, all NB-IoT UEs in the cell are aware of the upcoming update

· Along with SI Change Notification IE, additional HFN bits need to be broadcasted in order to align UEs to a time boundary exceeding 24h. As current HFN rollover is 2.91h, 4 additional bits are needed to cover 24h. 
These bits are similar to existing HFN bits, however they need only to be sent along with SI Change Notification IE. Moreover, no ValueTag increment is needed when these HFN bits are updated.
Equivalently, a 1024-hyperframe countdown indication is broadcasted.

· The NB-IoT UEs acquire the updated SI at the indicated update boundary.
This procedure requires only one additional SI change, but given it would be a rare procedure this should be acceptable.
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Figure 1
The following table summarizes the main characteristics and benefits compared to the existing procedure. 

	
	SI update notification through PO
	SI update notification through SIB

	Acquisition Period (notification time before SI update)  
	2.91h
	26.2h 
(Minimum >24h)

	PO resource consumption
	High

~512 repetitions on each PO/PC, during Acquisition Period (2.91h)
	None

	SIB resource consumption
	None
	Very Low
1 bit for optional IE
4 bits for counter during Acquisition Period (26.2h)

	UE power consumption overhead
	None
	Very low

UE needs to acquire the SI Change Notification IE once, when noticing ValueTag update




Table 1
Reachability changes impacting Rel-13 NB-IoT UEs would still need to be performed using the Rel-13 procedure. However, reachability changes impacting Rel-14 UEs (including configuration of non-anchor paging carriers, power boost update, etc.) would not impact Rel-13 UEs, and hence would benefit from this procedure. Since these Rel-14 SI changes are much more likely to occur than Rel-13 SI changes, we believe it would still be highly beneficial to support. 
Proposal 1: RAN2 should discuss whether the Rel-13 SI update notification procedure should be improved  
3. Conclusion 
In this contribution, we have discussed the SI update notification procedure for NB-IoT, and made the following observation and proposals:
Observation 1: the SI update notification procedure may require a very low nB which will increase the false paging rate and UE power consumption
Proposal 1: RAN2 should discuss whether the Rel-13 SI update notification procedure should be improved
References

[1] RP-161324, “Enhancements of NB-IoT”, Vodafone, Huawei, HiSilicon, Ericsson, Qualcomm
[2] TR 45.820 v13.0.0,  “Cellular system support for ultra-low complexity and low throughput Internet of Things (CIoT)”
[3] Summary of email discussion [95bis#26][LTE/NB-IoT] – Paging on non-anchor (Huawei)
Annex
Traffic model

From [2] “Network Command” traffic assumptions, the expected MT packet arrival rate is about 0.47 MT / hour / UE. A cell is assumed to support 10000 of such UEs, yielding a MT packet arrival rate of 1.3 MT/s/cell. Assuming most UEs are stationary, paging optimizations could be effective i.e. most of the time, cell level paging is enough. Hence around 2 pages/s/cell could be expected.
False paging probability

The parameter nB can be used to adjust the PO density, between 4 POs per RF down to 1 PO per 10.24s (maximum DRX cycle).

With 2 pages/s/cell, assuming Poisson arrival, we can calculate the PO occupation probability depending of nB. The table below shows the PO occupation distribution, where Pg is the number of paging received per PO.
	nB
	PO period (ms)
	Prob(Pg >=1) 
~False Paging
	Prob(Pg >=2)
	Prob(Pg >=4)
	Prob(Pg >=8)

	T
	10
	0.02
	0
	0
	0

	T/2
	20
	0.04
	0
	0
	0

	T/4
	40
	0.08
	0
	0
	0

	T/8
	80
	0.15
	0.01
	0
	0

	T/16
	160
	0.27
	0.04
	0
	0

	T/32
	320
	0.47
	0.13
	0
	0

	T/64
	640
	0.72
	0.36
	0.04
	0

	T/128
	1280
	0.92
	0.72
	0.25
	0

	T/256
	2560
	0.99
	0.96
	0.75
	0.15

	T/512
	5120
	1
	1
	0.99
	0.80

	T/1024
	10240
	1
	1
	1
	1


Figure 2
For instance, with one PO every 128 RFs (1.28s), the PO occupation (at least one paging received) is about 92%. Even with one PO every 16 RFs (160ms), the PO occupation is still about 27%. 

For a given UE, the false paging probability can be calculated as the PO occupation (at least one paging received) minus the probability that the UE actually received a good paging. This later probability, for one UE, corresponds to the paging rate normalized to DRX cycle. If DRX cycle is 1min, and paging rate 1/hour, than it is 1/60. Typically, it can be assumed to be low for NB-IoT Network Command use cases and nearly null or MAR use cases. Hence the PO occupation (at least one paging received) is well representative of the false paging probability.

High false paging probability badly impacts UE power consumption due to the useless NPDSCH Paging Message decoding, especially for devices in extreme coverage. Moreover, more paging records mean higher TBS, longer PDSCH duration and increase power consumption. From UE power consumption point of view, as far as possible, POs should be spread apart. 
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