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1 Introduction

At the RAN #72 meeting, a new work item (WI) on Enhancements of NB-IoT was approved. One of the core objectives of the WI is to specify enhancements to multi-carrier operation (MCO) for support of paging on non-anchor carriers [1]: 
Non- Anchor PRB enhancements
· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]

Subsequently, at the RAN1 #86 meeting, the following was agreed [2]:

· For paging: 

· For a Rel-14 NB-IoT UE, both anchor and non-anchor PRB can be selected as the paging PRB 
· A Rel-14 UE chooses the PRB based on UE_ID

· Paging message on NPDSCH is scheduled by NPDCCH on the same PRB.
· Send LS to RAN2 with these RAN1 agreements 
In this contribution, we share our views on the potential enhancements and design considerations for the support of paging transmission on non-anchor NB-IoT PRB.

2 Idle mode camping and NRS transmissions on non-anchor paging carriers

With the support of paging on non-anchor carriers, one question of relevance is the UE behavior regarding camping in Idle mode. Specifically, whether a UE may camp on the non-anchor carrier that it is expected to monitor for paging transmissions or be restricted to camping on the anchor carrier only. In this regard, considering that the UE would be monitoring the non-anchor carrier for paging transmissions and this is one of the primary tasks when in Idle mode, it is preferred that the UE is allowed to camp on the non-anchor carrier that it is expected to monitor for paging. Further, for idle mode measurements, such operations would be feasible on the non-anchor carrier since the NRS power offset between anchor and non-anchor carriers is already signaled per Rel-13 specifications.

Proposal 1:
· It is preferable that the UE is allowed to camp on the non-anchor carrier that it monitors for paging.
However, it has been suggested that restricting a UE to camp only on anchor carrier can provide flexibility to the network to dynamically turn off NRS transmissions in the non-anchor in the absence of traffic or common control (e.g., paging) transmissions. While such an approach can be workable, in terms of NRS transmission, it should be ensured that the network transmits NRS at least in the subframes corresponding to the Type1-CSS for NPDCCH since the UE would be monitoring for NPDCCH transmissions in these subframes as per the respective POs. Since the UE (especially those in poor coverage) may be expected to monitor the CSS with large values of Rmax_paging, it is important that NRS is actually transmitted even if there is no actual NPDCCH transmission in an instance of the search space. This is necessary to allow the UE to at least be able to perform time-frequency tracking efficiently while it tries to blindly decode NPDCCH candidates in the Type1-CSS. 

Proposal 2:
· If it is mandated that the UE has to camp on the anchor carrier only, in the non-anchor paging carrier, NRS should be transmitted at least in the subframes corresponding to the Type1-CSS for NPDCCH, irrespective of actual NPDCCH transmission.
3 The need to handle different paging configuration for each carrier for paging 

If the anchor and non-anchors are all of the same deployment (e.g. all in-band deployment, all standalone deployment etc.), it will be very similar to eMTC where the non-anchor PRBs are equivalent to paging narrowband in eMTC (i.e. the paging configuration such as nB, DRX cycle and the NPDCCH repetitions for the paging are the same across the carriers). 
However the non-anchors can be different deployment to the anchor (i.e. mixed deployment), in which case, the Resource Elements (REs) of PDSCH/PDCCH for guard-band and in-band are different (up to 50%, e.g., 152 REs in guard-band mode vs. 100 REs in in-band mode, assuming 3 symbols reserved for LTE PDCCH, presence of 4-port LTE CRS, and 2-port Narrowband Reference Signals (NRS)) and different carriers can also have different power boosting, the maximum amount of repetitions required for paging may be different for different carriers and hence, the paging configuration (i.e. at least the nB and DRX cycle) can be different for each carrier. 

Even for this case, it is also possible to consider the paging configuration for the worst repetitions or use different power boosting to ensure the same paging configuration can be used (i.e. DRX cycle and nB are the same except that NPDCCH repetition for paging is different for each carrier).

Proposal 3:
· It is necessary to optimize the configuration of the paging CSS design (e.g., Rmax_paging values) and paging configuration for each NB-IoT PRB depending on the operation mode in case of mixed deployments.
Furthermore if the selection scheme is just based on UE_ID, a UE may end up stuck in a carrier that has a poor coverage for a given number of repetitions of NPDCCH and NPDSCH (e.g., lower power boosting). One way to solve the issue is to include a time-varying hopping function to the calculation of the PRB selection for paging. An example of such selection scheme with such time factor is shown below:

NB-PagingPRB = floor((UE_ID+HSFN)/(N*Ns)) mod Nn where HSFN is the Hyper System Frame Number

The above selection scheme will allow a UE ID to change its carrier every N*Ns HSFN.

Proposal 4:

· Specify a paging PRB selection scheme based on UE_ID and a time-varying PRB hopping function (e.g. of the order of HSFN) to ensure that a UE is not stuck in a poor coverage PRB for the same number of NPDCCH and NDPSCH repetitions.

4 Conclusion

In this contribution, we presented our views on the potential enhancements and design considerations for the support of paging transmission on non-anchor NB-IoT PRB. Based on the discussions in the paper we make the following proposals:

Proposal 1:
· It is preferable that the UE is allowed to camp on the non-anchor carrier that it monitors for paging.
Proposal 2:
· If it is mandated that the UE has to camp on the anchor carrier only, in the non-anchor paging carrier, NRS should be transmitted at least in the subframes corresponding to the Type1-CSS for NPDCCH, irrespective of actual NPDCCH transmission.
Proposal 3:
· It is necessary to optimize the configuration of the paging CSS design (e.g., Rmax_paging values) and paging configuration for each NB-IoT PRB depending on the operation mode in case of mixed deployments.
Proposal 4:

· Specify a paging PRB selection scheme based on UE_ID and a time-varying PRB hopping function (e.g. of the order of HSFN) to ensure that a UE is not stuck in a poor coverage PRB for the same number of NPDCCH and NDPSCH repetitions.
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