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1. Introduction
During RAN2#95, NB-IoT paging support on non-anchor carrier was discussed, and some open issues were considered in the follow-up email discussion [3].

In this contribution, we detail our view on the support for CE level differentiated paging.  
2. Discussion

In NB-IoT, DL carriers, hence potential paging carriers may not be equivalent:

· An anchor carrier has ~30% less available resources (valid subframes) than a non-anchor carrier

· An in-band carrier has ~30% less available resources (PDCCH/CRS REs) than a guard-band carrier, more if some subframes are reserved for MBSFN (non-standalone deployment)

· One carrier may have +6dB power boost (non-standalone deployment)
Such differences between carriers would translate into more repetitions and/or more time required to receive NPDCCH (and also corresponding NPDSCH) on “bad carriers” (less boosted or with less resources). 

This is particularly problematic for UEs in bad coverage. A Rel-14 UE in bad coverage stuck on a “bad carrier” (non-power boosted) will consume up to 4 times more than a UE on a good carrier in the same conditions. Moreover, Rel-13 UEs will be on the anchor carrier (which is likely the boosted one) and would enjoy much less power consumption than some Rel-14 UEs in the same conditions. This is also bad from system point of view (lower spectral efficiency, more resources used).

Hence, ideally such UEs in bad coverage should be assigned a “good carrier” (e.g. with 6dB power boost), irrespective of their IMSI. 

2.1. Support for CE level differentiated paging
In NB-IoT, there is very limited mobility and UEs in deep coverage are most of the time stationary. The coverage condition of the UE may change, due to mobility or due to change of the environment, however this will not be frequent. It is possible to consider 2 different CE levels:
· UE current CE level, from NRSRP measurement (used e.g. to choose NPRACH resource)

· “Last known CE level”, which is sent to the MME at the release/suspend of RRC Connection, and is used for the next paging attempt (as it is typically still correct at that time).

Option 1: UE current CE level based paging carrier selection
In this option, the UE selects a paging carrier depending of its current NRSRP.

The current CE level of an IDLE UE is not known by the eNB. It is also not desired for an IDLE UE to report CE level changes to the eNB. If this CE level is used by the UE to select a carrier, it can result in a carrier mismatch (paging on first carrier will fail, and eNB may need to page on all carriers of the cell, which is wasteful). 
Moreover, in our understanding, paging CSS is such that if the eNB sends more NPDCCH repetitions than required (i.e. if the coverage level of the UE has improved), the UE can still decode the NPDCCH (likely using less repetitions than the total sent). This would no longer be the case if the UE has moved to a different carrier because of this CE level increase. 
Observation 1: UE “current CE level” based paging carrier selection may lead to carrier mismatch

Option 2: Last known CE level based paging carrier selection

In Rel-13, paging optimizations were introduced such that a UE is first paged on the last known cell / using last known CE level. Most of the time, this information will reflect the UE current CE level (limited mobility assumption). So, it could also be used for paging carrier selection.

A possible implementation would be as follows:
· When releasing RRC Connection, the npdcch-NumRepetitionPaging which is sent by the eNB to the MME (last known CE level) is also communicated to the UE, and stored at NAS level; 

· The eNB broadcasts

· a npdcch-NumRepetitionPaging_Threshold (above which UE will use specific paging carrier)

· a “EC (good) paging carrier set” (by default, it would be just the anchor carrier)

· At the UE, whenever stored npdcch-NumRepetitionPaging >= Threshold, the “EC paging carrier set” is used, instead of the usual paging carrier set (in the UE_ID based formula).
As npdcch-NumRepetitionPaging would be stored both in UE and MME, and used both by UE and eNB to determine the paging carrier, there is no carrier mismatch issue.
This can be easily extended to map different CE level ranges to different carriers set if required.
In case of CE level change, due e.g. to mobility or change of environment, the only impact is that temporarily the UE will not be on the best carrier. It will be:

· either on a good carrier (boosted) while in not in bad coverage

· or on a bad carrier (not boosted) while in bad coverage

But:

· the NW will still know exactly which carrier the UE is camped on

· this is only temporary till the next RRC Connection. 

Such cell/CE level changes are rare (otherwise, paging optimization would not be effective). Hence most of the time, the UE will be on the best carrier. 
Observation 2: UE “last known CE level” based paging carrier selection avoid carrier mismatch, while most of the time will be spent on the best carrier

2.2. Avoiding unfair treatment of UEs
Generally, due to possibly unequal DL carriers, selecting paging carriers based on the IMSI can lead to unequal treatment of UEs, which is not desirable. In Rel-13, such unequal treatment was noticed (and fixed) regarding the number of POs within an eDRX paging window. 
In case paging carriers have different performance, the selection should first be related to the coverage level. This would optimize the network resources, as well as the UEs power consumption. Hence, we consider that the “support of CE level differentiated paging” could solve this problem in a satisfactory way.

In the email discussion [3], solutions were proposed such that UEs are not stuck on the same carrier based on their IMSI.
Time-based approach

The HFN can be used in the UE_ID based equation so that the paging carrier regularly changes. However, this is not effective for the longest eDRX cycle (2.91h) as the same HFN is seen at each PO. The solution would require adding at list one HFN bit.
S-TMSI approach 
S-TMSI can be used instead of IMSI to derive the paging carrier. Reallocation of S-TMSI at TAU (possibly at every TAU), in a somehow random way, can be used to randomize the paging carrier used over the time. In our understanding, this may add some requirements on MME. In typical NB-IoT scenarios, UE are assumed mostly stationary, and TAU will not change. If this solution requires S-TMSI reallocation whereas it would be otherwise not needed, the potential impacts need to be considered. 
Both approaches would enable a fair treatment of UEs. However, they would only very partially solve the issue of over consumption for the UEs in bad coverage. In non-standalone deployment, only one carrier can enjoy +6dB power boost, and typically this would be the anchor carrier (due to benefit for synchronization signals and SI). If e.g. 3 additional non-anchor paging carriers are used, then only 25% of the time would be spent on the “good carrier”. Even if only 1 non-anchor carrier is used, it is likely that due to Rel-13 UEs, Rel-14 UEs will be set to only use the non-anchor carrier, or be biased to use mainly the non-anchor carrier. We may also expect e.g. 25% of the time only on the “good carrier”.
Basically, instead of having x% of Rel-14 UEs in bad coverage spending 100% of their time on a bad carrier, these solutions enable to have 100% of Rel-14 UEs in bad coverage spending x% of their time on a bad carrier. This is fair, but since x is typically high (around ~75%), this only reduces the “up to 4 time more power consumption” to “up to 3 times more power consumption”. 
Observation 3: Equal treatment of UEs does not solve the issue of over-consumption of Rel-14 UEs in bad coverage

Hence, we see these solutions as a complement to “CE level differentiated paging”, which could benefit to UEs in less difficult coverage conditions.

2.3. Summary
To compare the different alternatives, we focus on the impact of UEs in bad coverage. We consider a population P of Rel-14 UEs in bad coverage (requiring npdcch-NumRepetitionPaging > Threshold). This population is supposed to be only a few percent of the total UE population, as per the NB-IoT system design assumptions. 

We assume 2 carriers, the anchor carrier (+6dB power boost), and a non-anchor carrier (no power boost). Moreover, we assume that the anchor carrier has some Rel-13 load so 25% of the Rel-14 UEs are offloaded to the anchor carrier, and 75% are on the non-anchor carrier.

We assume 10% of P has some mobility leading to CE level change, 10% of the time.

	Paging carrier selection scheme
	Impact on population P
	Carrier Mismatch

	No CE level based
	For 75% of UEs, up to x4 power consumption
	No

	UE current CE level based
	No additional power consumption
	Yes

	“Last known CE level” based
	For 10% of UEs, up to x1.3 power consumption
	No

	Equal treatment of UEs
	For 100% of UEs, up to x3 power consumption
	No


Table 1
Based on these results, we believe the “Last known CE level” based approach could be a good compromised solution.
Proposal 1: Support CE level differentiated paging based on “Last known CE level”

3. Conclusion 
In this contribution, we have discussed our views regarding the support of CE level differentiated paging, and made the following observation and proposals:
Observation 1: UE “current CE level” based paging carrier selection may lead to carrier mismatch
Observation 2: UE “last known CE level” based paging carrier selection avoid carrier mismatch, while most of the time will be spent on the best carrier
Observation 3: Equal treatment of UEs does not solve the issue of over-consumption of Rel-14 UEs in bad coverage
Proposal 1: Support CE level differentiated paging based on “Last known CE level”
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