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1. Introduction
During RAN#85, support of “UE specific DRX” for NB-IoT was discussed based on [1] which made the following observation/proposal:

Observation: UE specific DRX can be easily supported for NB-IoT by removing corresponding restrictions in specifications without introducing new mechanism.

Proposal: Revise the WID for Rel-16 NB-IoT to introduce UE specific DRX.

RAN#85 agreed on a revised WID [2] and on an LS to SA2/CT1 [3]. 

As discussed in our previous paper, introducing this feature “without new mechanism” creates major backward compatibility issues. In addition to this, we believe there are efficiency issues related to coexistence of legacy UEs and UEs using specific DRX (referred to as “short DRX UEs” below).
We believe those issues should be addressed to implement this feature in a future proof way. 
2. Discussion
The NB-IoT system was designed for delay tolerant traffic (except MO exceptional messages, which are handled within a 10s latency) as well as coverage enhancements. 
The UE specific DRX is meant for enabling fast reachability of UEs. This is a complete new use case for NB-IoT, opposite to legacy use cases which are always delay tolerant for DL. 
Observation 1: Fast reachability is a complete new use case for NB-IoT
The use case is mainly applicable to UEs in good coverage, as it would make no sense for e.g. UEs in extreme coverage given the required repetitions. 
For the feature to be efficient, the eNB shall be able to timely schedule paging for “short DRX” UEs. Delaying the paging is not acceptable as this would mean that those UE actually monitor more POs for nothing, increasing power consumption for no reachability gain at all – while power consumption is still assumed critical for those UEs.
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Observation 2: The eNB shall be able to schedule timely UEs using UE specific DRX, so that the feature is useful and the increased UE power consumption is not wasted

Contrary to LTE, DL multiplexing on a given NB-IoT carrier is only TDD. Moreover, repetitions due to coverage enhancement can occupy a carrier during several seconds. This yields that timely addressing of UEs (in good coverage) on carriers with UEs in extreme coverage is an issue in NB-IoT (see e.g. [5]). 

Actually, even though in legacy the use case is only delay tolerant traffic, this issue was considered serious enough to be addressed in the initial release (Rel-13), by introducing DL scheduling gaps. The UEs in bad coverage can be configured with a gap pattern, such as transmission to those UEs (all transmission except BCCH) will only take place outside of the gaps (repetitions occurring within a gap are postponed). The gaps are reserved to schedule UEs in good coverage, thereby ensuring timely scheduling for those UEs.
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Observation 3: Timely addressing of UEs (in good coverage) multiplexed with UEs in extreme coverage is an issue in NB-IoT, addressed from Rel-13 with DL scheduling gaps
The gap pattern can be configured via SIB signaling on a carrier basis. Application of the gap pattern is based on Rmax parameter (npdcch-NumRepetitions), which depends on the considered search space. For paging, npdcch-NumRepetitionPaging is used, which is common for all UEs. This means that for paging, related to gap pattern, all UEs are considered in bad coverage.
Hence, not only the gap solution is not effective for fast reachability of “short DRX” UEs, but it worsen the issue as those UEs will be even more constrained to share more limited resources with UEs in bad coverage.
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Observation 4: The DL scheduling gap solution is counter-effective to address fast paging of short DRX UEs
It is noted that dedicated transmissions can take place on dedicated NB-IoT carriers; hence in CONNECTED the eNB can for instance schedule bad/good UEs on different carriers. However this was already possible from Rel-13, and considered not an appropriate solution (from [5]: “Although multi carrier operation is supported by the standard now, we could not rely on this to solve the problem”). In any case, this would not apply for paging.

Observation 5: Using Rel-13 dedicated carriers is not enough to solve the problem
It was also noted that paging capacity on the single anchor carrier was an issue (see [6]). As a result, as soon as Rel-14, paging can be configured on non-anchor carriers. As carrier characteristics can be different, weight can be configured. However, paging of UEs in bad coverage and of short DRX UEs would still end on the same carrier with the same proportion. E.g. assuming 10% of UEs in extreme coverage, 10% of “short DRX UEs” in a cell, that proportion would still be the same on any paging carrier.  Adding paging carriers would lower the paging load per carrier and the risk of collision/blocking, but is not an efficient way to solve the issue.
Observation 6: Using Rel-14 paging carriers is not enough to solve the problem
Another issue with short DRX UEs multiplexed with UEs in bad coverage is that they are more likely (compared a normal DRX UE with longer cycle) to detect paging DCI repetitions targeting the “extreme coverage UEs”. This would trigger false paging i.e. useless PDSCH decoding, which would fail.
Observation 7: Short DRX UEs will suffer increase false paging and associated power consumption waste
From NW point of view, especially in cells with a high scheduling load for UEs in bad coverage, it may be difficult to address the timely paging requested by UE specific DRX feature. Typically, in order to be able to page a short DRX UE timely in all cases, the eNB would have to make sure that its POs remain free in case there is a last minute paging (i.e. preventing any prior scheduling overlapping with any  PO of the short DRX UE), or would have to cancel on-going transmission to other UEs in order to address the paging to the short DRX UE. This is costly in terms of resources and constraining in terms of scheduling.
Observation 8: Timely paging of short DRX UEs introduce resource cost/scheduling constraints in the cell 
We believe those issues need to be discussed and addressed before introducing UE specific DRX for NB-IoT. Addressing this later would require new capability signaling from UE/NW as this is related to IDLE mode which is not desirable. As based on our analysis in [7], capability signaling is already required; this is the right moment to address any issue to efficiently support the feature.
Proposal 1: Address the issue of multiplexing “short DRX UEs” paging with extreme coverage UEs
In our view, a simple solution to most of these issues would be to allow “short DRX UEs” to be mapped to different paging carriers than other “delay tolerant” UEs. The framework is already in place, so the specification impact is straightforward. We gave an example TP in Annex.. In this approach, the paging CSS Rmax for “short DRX UEs” can also be set to a different (lower) value which enable those UEs to not apply the gap pattern of UEs in good coverage. 
Note that the proposal allows to complete separate the paging carriers, or to reuse some of them with just different parameters (weight, Rmax, WUS, …) for short DRX UEs. As a baseline, the procedures (36.304) are not changed. The “short DRX UEs” only consider parameters dedicated to them (weight, Rmax, WUS, …),  if configured. 

Proposal 2: Introduce optional separate configuration of paging carriers for “short DRX UEs” 

Regarding observation 8, we think that a cell should be able to activate/deactivate support of “UE specific DRX” UEs. In our understanding, a SIB indication notifying “UE specific DRX support” would be already required to handle legacy UEs. However, considering the constraints to handle very short DRX, it is desirable to have a finer granularity. This can be handled by introducing a minimum DRX cycle down to which minimum UE specific DRX cycle it is activated.
A cell could for instance have a default cycle of 10.24s, and indicates that it supports “UE specific DRX cycle” down to “minimum DRX cycle” of 2.56s. In such case, a UE having requested a UE specific DRX cycle of 1.28s would eventually use a DRX cycle of 2.56s.

This enables to adapt scheduling/resource constraints at the NW side, still benefit from the feature, while not penalizing UE resource consumption.

Proposal 3: Introduce a minimum supported DRX cycle 

Regarding observation 7, if above proposals are agreed, it may no longer be a concern. Otherwise, a straightforward solution would be to introduce a different P-RNTI to be used for paging short DRX UEs.
Proposal 4: If required, introduce a separate P-RNTI for paging short DRX UEs
In addition, it is known that for NB-IoT, nB values were extended to space out POs so that there is no PO overlap (taking account possible repetitions). The usage of “UE specific DRX” will introduce such PO overlap, as well as fractional nB (already discussed in the context of eMTC). Given some capabilities/signaling is needed for NB-IoT UE specific DRX support, RAN2 should take the opportunity to leverage the long discussion that took place. 
At the minimum, the paging carrier calculation shall be corrected so that short DRX UEs are correctly distributed according to specified weights (see e.g. [8] and corresponding discussions).
Proposal 5: For short DRX UEs, N shall be calculated as max(min(T,nB),1)
Proposal 6: For short DRX UEs, consider skipping PO mechanism as in [8]
3. Conclusion 

In this contribution, we make the following observations and proposals:

Observation 1: Fast reachability is a complete new use case for NB-IoT
Observation 2: The eNB shall be able to schedule timely UEs using UE specific DRX, so that the feature is useful and the increased UE power consumption is not wasted
Observation 3: Timely addressing of UEs (in good coverage) multiplexed with UEs in extreme coverage is an issue in NB-IoT, addressed from Rel-13 with DL scheduling gaps
Observation 4: The DL scheduling gap solution is counter-effective to address fast paging of short DRX UEs
Observation 5: Using Rel-13 dedicated carriers is not enough to solve the problem
Observation 6: Using Rel-14 paging carriers is not enough to solve the problem
Observation 7: Short DRX UEs will suffer increase false paging and associated power consumption waste
Observation 8: Timely paging of short DRX UEs introduce resource cost/scheduling constraints in the cell
Proposal 1: Address the issue of multiplexing “short DRX UEs” paging with extreme coverage UEs
Proposal 2: Introduce optional separate configuration of paging carriers for “short DRX UEs”
Proposal 3: Introduce a minimum supported DRX cycle
Proposal 4: If required, introduce a separate P-RNTI  for paging short DRX UEs
Proposal 5: For short DRX UEs, N shall be calculated as max(min(T,nB),1)
Proposal 6: For short DRX UEs, consider skipping PO mechanism as in [8]
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Annex – TP
–
SystemInformationBlockType22-NB

The IE SystemInformationBlockType22-NB contains radio resource configuration for paging and random access procedure on non-anchor carriers.

SystemInformationBlockType22-NB information element
SystemInformationBlockType22-NB-r14 ::=
SEQUENCE {


dl-ConfigList-r14 




DL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR


ul-ConfigList-r14 




UL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR


pagingWeightAnchor-r14



PagingWeight-NB-r14


OPTIONAL,
-- Cond pcch-config

nprach-ProbabilityAnchorList-r14
NPRACH-ProbabilityAnchorList-NB-r14
OPTIONAL,
-- Cond nprach-config


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...,


[[
mixedOperationModeConfig-r15
SEQUENCE {




dl-ConfigListMixed-r15


DL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR




ul-ConfigListMixed-r15


UL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR




pagingDistribution-r15


ENUMERATED {true}


OPTIONAL,
-- Need OR




nprach-Distribution-r15


ENUMERATED {true}


OPTIONAL 
-- Need OR



}















OPTIONAL,
-- Need OR



ul-ConfigList-r15



UL-ConfigCommonListTDD-NB-r15
OPTIONAL
-- Cond TDD


]]
[[


pagingWeightAnchorShortDRXUes-r16

PagingWeight-NB-r14


OPTIONAL,
-- Cond pcch-config
]]
}

DL-ConfigCommon-NB-r14 ::=


SEQUENCE {


dl-CarrierConfig-r14



DL-CarrierConfigCommon-NB-r14,


pcch-Config-r14 




PCCH-Config-NB-r14


OPTIONAL, -- Need OR


...,


[[
wus-Config-r15




WUS-ConfigPerCarrier-NB-r15

OPTIONAL
-- Cond WUS


]]
[[


pcch-ConfigShortDRXUEs-r16 



PCCH-Config-NB-r14


OPTIONAL, -- Need OR

wus-ConfigShortDRXUEs-r16




WUS-ConfigPerCarrier-NB-r15

OPTIONAL
-- Cond WUS
]]
}

-- ASN1STOP
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