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Introduction
In RAN2 #95bis meeting, issues related to multi-carrier paging were discussed. It was agreed that uneven paging load distribution between anchor and non-anchor carriers is supported. In RAN2 #96 meeting, more detailed discussions on signalling aspects were followed and some remaining issues were discussed in email discussion [1].
[bookmark: _Ref178064866]In this contribution we provide our views on the remaining issues discussed in [1], and provide a method to allocate UEs in deep coverage onto good carriers.
Discussion
Remaining Signalling Aspects
Based on the background information in [1], we provide our views below.
Absolute vs relative weights
Although using absolute weights is more intuitive, using relative weights can have the benefit of more even distribution as opposed to the 6.25% granularity imposed by using absolute weights. In addition, it may result in more signalling overhead when distribution of UEs across carriers needs to be adjusted, because more than one weight need to be signalled in order to keep the sum of the weights to be equal to a constant W when using absolute weights. On the other hand, distribution can be adjusted by signalling only one updated weight when using relative weights, which can reduce the required amount of signalling, and can be beneficial as described in Sec. 2.2.

Proposal 1: Relative weights are used in the paging carrier selection formula to distribute UEs across paging carriers.

UE_ID definition
As agreed by most of the companies, we also think using the same UE_ID range as in eMTC is enough, i.e., UE_ID=IMSI mod 16384. Therefore, no additional bits of IMSI needs to be disclosed to the eNB. Although, we would not oppose using more IMSI bits for UE_ID if it is found that there is no security issues. On the other hand, we prefer not to limit the weight configuration such that nB*ΣW(i) ≤ 16384 (using relative weights). In other words, we prefer to keep the configuration more flexible, though correlation between paging carrier and PF/PO may occur in some cases where PF/PO may not be evenly distributed on a given carrier, or vice versa. We think it would be beneficial to have more available configurations, since in NB-IoT, for a given configuration, a PO can be blocked by another PO when repetition is used. eNB can have more flexibility when the options are open, hence, it would be better not to impose such restriction from scheduling point of view. If uneven distribution within a carrier occurs, we can introduce a mechanism to re-distribute some of the UEs to other carriers as described in Sec. 2.2.

Proposal 2: Weight configurations are allowed to have correlation between paging carriers and PF/PO in some cases.

Including an extra time factor
Introducing a time factor can help avoiding situations where a UE with a certain IMSI is stuck in a bad carrier. However, we think the situation can be avoided by eNB implementation, e.g., configuring enough number of repetitions or power boosting for some paging message transmissions on a bad carrier. In future use cases, there may be some UEs with higher priority. In this case, configuration should be made to distribute these UEs on good carriers. Then, it would not be beneficial if time factor is used in this case, since in certain paging cycles these UEs may be distributed on some bad carriers. Hence, we prefer not to include a time factor.

Proposal 3: Time factor is not introduced in the paging carrier selection formula.

Dynamic Paging Carrier Re-distribution
[bookmark: _Toc465777632][bookmark: _Toc465851108][bookmark: _Toc465856843][bookmark: _Toc466040359]In case UE distribution are uneven, which may result from the correlation issue discussed above or result from the not sufficiently random distribution of IMSIs. In this case, a mechanism to re-distribute the UEs can be used. eNB can transmit a signalling in certain PO to re-distribute the UEs who monitor the PO. The UEs who are not paged will then be allocated to another paging carrier after receiving this signalling. To avoid paging carrier mismatch between eNB and UE, the signalling can be repeated for a number of paging cycles before the UEs are re-distributed. The time duration in which the signalling is valid can be until the next modification period or until the system information is updated. There are two ways to carry the signalling. The first way is to carry the signalling in the paging message, this may require a new IE in paging message or a new MAC CE. The second way is to carry the signalling using direct indication. The 6 reserved bits can be used, or the 8 padding bits can be used instead. It is desirable to use direct indication to carry the signalling, since the used code rate is around 0.13 for inband case, which can be used to reach the deep coverage UEs and re-distribute them to good carriers. The signalling itself can be a weight difference to the current weight of the current paging carrier. Therefore, if relative weights is used in the paging carrier selection formula and if there are no restrictions on the weight configurations, using a weight difference of a paging carrier can re-distribute the UEs who received this signalling to other paging carriers. This mechanism can be used by the eNB to more dynamically distribute the UEs and should be considered to complement the system information based paging carrier selection.

Proposal 4: RAN2 to consider a mechanism for dynamic paging carrier re-distribution.

Conclusions
In this contribution we discussed the remaining issues for multi-carrier paging and a mechanism to re-distribute UEs across paging carriers more dynamically. Based on the discussion, we propose the following:

Proposal 1	Relative weights are used in the paging carrier selection formula to distribute UEs across paging carriers.
Proposal 2	Weight configurations are allowed to have correlation between paging carriers and PF/PO in some cases.
Proposal 3	Time factor is not introduced in the paging carrier selection formula.
Proposal 4	RAN2 to consider a mechanism for dynamic paging carrier re-distribution.
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