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1 Introduction

In the approved work item (WI) on Rel-14 enhancements for NB-IoT [1] one of the WI objectives is the following:

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]

Most recently it has for paging been agreed that [2]:
· The DRX cycle (defaultPagingCycle) is common for all carriers configured for paging.
· The number of NPDCCH repetitions (npdcch-NumRepetitionPaging) is configured per carrier.
· Nb is common for all paging carriers.
· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)
· CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.
This contribution will discuss the remaining open issues on how to support paging on non-anchor PRBs and most importantly the details of weighted UE distribution over all carriers.
2 Discussion
2.1 Capability indication

In order for the eNB to know whether it should page a UE on the anchor carrier (Rel-13 UE) or possibly on a non-anchor carrier (Rel-14 UE) the following agreement has been made [3]:

· In order for the eNB to know if a UE can be paged on a non-anchor carrier some information needs to be provided from the MME as part of the paging message. 

What remains to be determined is the format of this indication in the paging message from MME to eNB. Since there will only be significant gains from distributing the paging load also over non-anchor carriers if it is supported by a majority of the UEs (and additionally there is no associated complexity increase for the UEs), it could be of interest to have this capability mandatory for all Rel-14 UEs. In this case the indication could be based on the UEs accessStratumRelease information. However, it can be challenging and restrictive to have the feature mandatory and instead having it as a UE capability would relax implementation and testing. In this case the indication could be based on the UE-RadioPagingInfo-NB. As a third alternative the non-anchor paging feature could be mandatory but an IOT-bit introduced such that it would not have to be implemented immediately. We propose to go for the third alternative since it in time will ensure the paging capacity gains this feature is being designed for.
Proposal 1 An IOT capability bit for the UE capability to be paged on a non-anchor carrier is added to UE-RadioPagingInfo-NB. 
2.2 Uneven distribution of UEs over paging carriers

It has been agreed to support uneven distribution of UEs over paging carriers using weights [2]:

· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)

What remains to be determined is the detailed solution of how to achieve this in practise. Related to this it has by most companies been proposed to reuse the eMTC expression for the PNB for the determination of the NB-IoT paging carrier. As suggested in [4], weights can naturally be introduced if UEs use this expression to select a virtual paging carrier:
VC = floor(UE_ID/(N*Ns)) mod Nv,
where VC is the virtual paging carrier and Nv the sum of the weights for the Nn actual paging carriers. The actual paging carrier a UE shall monitor for paging will be derived from a number of virtual carriers. These virtual carriers correspond to the weights of the carriers. This is illustrated in Figure 1, where the anchor carrier has weight w2=1 and the non-anchor carriers have weights w1=3 and w3=2, respectively. In this example, the mapping vector would therefore be [1,1,1,2,3,3], such that all UEs that are mapped to virtual carriers 1,2, and 3 are mapped to paging carrier 1, all UEs mapped to virtual carrier 4 to carrier 2, and all UEs mapped to virtual carrier 5 and 6 to carrier 3. 


[image: image1]
This gives the resulting distribution as seen in figure below:
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Figure 2: Resulting uneven distribution of UEs over paging carriers with weights w1=3, w2=1, and w3=2.

Among all solutions that we have considered to support paging distribution weights, the above solution is the least complicated and also the solution with the least number of complications. Therefore, we propose the following:
Proposal 2 UEs use the legacy eMTC expression to select a virtual paging carrier, which is linked to an actual paging carrier depending on its load distribution weight. (The weight gives the number of virtual carriers associated with the carrier).

The remaining question is the range and granularity for the carrier weights. For the lower range, w=0 should be supported in order not to have any paging at all on a carrier. For the upper range the weight difference between two carriers should be able to compensate for DL power boosting differences, available REs between in-band and guard-band deployments, anchor to non-anchor differences (resources from NPSS/NSSS, NPBCH and SI, and the amount of Rel-13 UEs). Among these it is the power boosting difference that will have the greatest impact and the nrs-PowerOffsetNonAnchor is in Rel-13 in the range -12 dB to +3 dB. Since approximately 3 dB corresponds to a doubling of the number of repetitions for paging on NPDCCH and NPDSCH, it would be of interest to be able to put roughly 16 times as much paging load on one carrier compared to another one. 
Proposal 3 The value range for the paging carrier weights are {w0, w1, w2, w3, …, w15}, where w3 stands for a relative weight of 3 and so on.

2.3 Paging carrier re-selection

Since it is not clear to eNB in which carrier a UE would monitor paging it has been agreed to [2]:
· CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.

However, from network perspective it could be of interest to move UEs which are in high CE-levels to monitor paging in another carrier, i.e. to move them to a DL power boosted carrier, or to collect these UEs in one carrier in order to better multiplex paging messages, etc. From a UE perspective it could also be of interest to be moved to a more favorable carrier (e.g. power boosted carrier, or a better carrier when stuck in constant fading dip) to decrease the number of repetitions for NPDCCH and NPDSCH (see next section). This could be achieved by dedicated RRC re-configuration. That is, UEs are assigned to paging carrier based on UE_ID upon entering the cell, but later individual UEs can be re-configured to another paging carrier by the eNB. This could for example be in Msg4 or upon RRC Connection Release (in a manner similar to re-direct). 
Proposal 4 Dedicated RRC configuration is introduced to allow the eNB to assign a UE to another paging carrier than that selected based on UE_ID.

The dedicated paging carrier would reasonably be used only in the same cell and upon cell re-selection the UE would again select a paging carrier based on UE_ID. The dedicated paging carrier would be valid until the subsequent RRC Connection Setup, independent of whether it is done in the same or another cell. This will ensure that there is never any mismatch between the paging carrier monitored by the UE and the corresponding carrier stored in the MME. The MME would store the dedicated paging carrier for this specific cell, similar to how the last known CE-level is stored and appended in the paging message. The eNB would e.g. upon every release indicate which carrier the UE should monitor paging in until its next RRC Connected session (this is needed to avoid paging carrier mismatch if the UE leaves the cell and later returns, at least if the MME should not be required to store the paging carrier for several cells for a single UE).
The RRC configuration of paging carrier would further give full network control and make multi-PRB more future proof, i.e. if paging distribution needs to be done on other basis than CE-level like future needs or unforeseen use-cases.
2.4 UE unfairness

There was a concern from one company [5], [6] that paging might become unfair among UEs since the NB-IoT carriers have different properties. That is, a UE with a certain IMSI might in a given cell always have to monitor paging on an unfavourable carrier. Some companies proposed solutions to this problem, e.g. in [7], but in our opinion this is not a severe problem since it is limited to certain stationary UEs which run on battery and hence complex solutions are not motivated. Instead, these relatively few UEs could be re-configured to monitor paging on another carrier as outlined in the previous section.
Proposal 5 There is no need to introduce any complex solution for UE fairness, rare problem cases can be treated by moving UEs to other carriers by means of dedicated RRC re-configuration.

If this solution is not agreeable to other companies, we instead propose to:
Proposal 6 In case proposal 5 is not agreed, base UE_ID on S-TMSI in the calculation of the paging carrier.

S-TMSI is allocated at initial attach and can be re-allocated at every TAU. This since S-TMSI can (and should) periodically be updated and thereby long-term fairness among UEs is achieved. Further note that since this is to address UE power consumption there is no point in having frequent rotation of paging carrier. Unlike for IMSI there are no security issues related to revealing too many bits of S-TMSI. However, a concern might be that S-TMSI is not sufficiently randomized to obtain good spreading of UEs over all possible POs. This problem was recently solved for the determination of the PTW start position of eDRX where a hash function is applied to S-TMSI before it is used [8]. In this case the CRC32 check sum was used and the same could for example be applied here for the calculation of the NB-IoT paging carrier. (However, since we do not want to create any dependencies to the eDRX hyper-frame/PTW-start positioning, which uses the 12 most significant bits of the hashed ID, the NB-IoT paging carrier calculation would likely be better be based on something like the n least significant bits of the hashed ID or the bits subsequent to the 12 above).
2.5 ASN.1 text proposal
An ASN.1 text proposal on how the paging configuration in this contribution could be captured is provided in the accompanying contribution [9].
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
An IOT capability bit for the UE capability to be paged on a non-anchor carrier is added to UE-RadioPagingInfo-NB.
Proposal 2
UEs use the legacy eMTC expression to select a virtual paging carrier, which is linked to an actual paging carrier depending on its load distribution weight. (The weight gives the number of virtual carriers associated with the carrier).
Proposal 3
The value range for the paging carrier weights are {w0, w1, w2, w3, …, w15}, where w3 stands for a relative weight of 3 and so on.
Proposal 4
Dedicated RRC configuration is introduced to allow the eNB to assign a UE to another paging carrier than that selected based on UE_ID.
Proposal 5
There is no need to introduce any complex solution for UE fairness, rare problem cases can be treated by moving UEs to other carriers by means of dedicated RRC re-configuration.
Proposal 6
In case proposal 5 is not agreed, base UE_ID on S-TMSI in the calculation of the paging carrier.
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Figure � SEQ Figure \* ARABIC �1�: Schematic illustration of applying distribution weights by the use of virtual carriers.
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