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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]

In this contribution the latter part on how to support paging on non-anchor PRBs will be discussed.
2 Discussion
In Rel-13 the paging procedure is done on the anchor carrier. It includes transmitting a DCI (format N2) message scrambled with the P-RNTI on the NPDCCH followed by the paging message on the NPDSCH. It is assumed that this should apply also for Rel-14 and the only change that should be done as part of this WI is to enable transmission of the NPDCCH and/or the NPDSCH on non-anchor carriers. 
Proposal 1 The paging procedure for Rel-14 is the same as for Rel-13, i.e. the paging message on NPDSCH is scheduled by NPDCCH.
One of the first questions to be answered is what combinations of physical channels on anchor/non-anchor carriers that should be supported. The following possibilities apply:

0. NPDCCH on anchor, NPDSCH on anchor (already supported in Rel-13)

1. NPDCCH on anchor, NPDSCH on non-anchor

2. NPDCCH on non-anchor, NPDSCH on anchor

3. NPDCCH on non-anchor, NPDSCH on non-anchor

The main reason for enabling paging on non-anchor carriers is in our view to be able to distribute the paging load in a NB-IoT cell. The anchor (DL) carrier is occupied with NPBCH/NPSS/NSS/SI and unicast traffic for Rel-13 (at least Msg2/Msg4) and could be a bottleneck link in some scenarios. Due to this we believe that option 3 should be supported. If option 1-2 should be supported, we need to add support for cross sub-carrier scheduling. Cross carrier scheduling is not supported today in Rel-13 and despite many companies input to the RAN plenary to add support for this to the Rel-14 WI it was decided not to include this as part of the WI objectives. If cross carrier scheduling for paging should be supported a new DCI must be defined and this needs to be specified by RAN1. One drawback of the cross carrier scheduling for paging would be that multiplexing of paging messages to rel-13 and rel-14 UEs is not possible for UEs receiving paging on the anchor carrier unless requirements are put on the Rel-14 UEs to support two decoding attempts per PO (one with the old DCI and one with the new). We do not think there is a large benefit of this as it adds extra UE complexity and increases the UE power consumption in idle mode. Finally, only parts of the paging load would be moved from the anchor carrier if the NPDCCH is kept on the anchor carrier. Thus, we believe that only supporting option 3 is sufficient to specify as part of the Rel-14 WI. 
Proposal 2 When paging is done on non-anchor carriers both the NPDCCH and the NPDSCH is received on the same non-anchor carrier.
To support paging on non-anchor carriers there is a need for the eNB to know the release of the UE that is going to be paged. Thus, the S1 interface needs to be extended to include the UE release in the message received from the MME. 
Proposal 3 In order for the eNB to know if a UE can be paged on a non-anchor carrier the release information needs to be provided from the MME as part of the paging message. Send an LS to RAN3 and CT1 to inform them that the UE release information must be added to the paging message.
Another topic to discuss and decide is how the UE population in a cell is distributed among the non-anchor carriers for paging. For eMTC, there is already support in Rel-13 to distribute paging between narrowbands. This solution is based on a uniform load distribution including UE_ID according to the following equation:

PNB = floor(UE_ID/(N*Ns)) mod Nn

(1)
, where PNB is the paging narrowband (i.e. set of 6 PRBs), UE_ID the IMSI (modulo 214), N=min(T,nB), Ns=max(1,nB/T), and Nn the total number of paging narrowbands (nB is in the range {4T, 2T, T, T/2, T/4, T/8, T/16, T/32} where  T is the DRX cycle length). A similar spreading formula as (1) needs to be defined for NB-IoT. 
For NB-IoT one possible solution could be to use a variant of (1) where Ns is set to 1:
PNB = floor(UE_ID/N) mod Nn

(2)
, where N=min(T,nB), UE_ID the IMSI (modulo 212) and Nn the number of configured carriers for paging. The configuration (e.g. frequency/PRB-index) of each paging carrier is broadcasted and PNB gives the identifier/index to the configured paging carriers in a cell.
With this formula we calculated the PF for 100,000 randomly generated IMSIs using T=512 and a few variants of nB and Nn. Some of these results is shown in the graphs below and as can be seen the different UEs are evenly distributed among the Nn carriers (denoted PNB in the figure) and all PFs/POs are equally utilized in all PRBs. 
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Figure 1. UE distribution for Nn=2 with nB=4T (right) and nB=T/32.
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Figure 2. UE distribution for Nn=16 with nB=4T (only two Nn “legends” shown in the figure).

As can be seen in the graphs setting Ns=1 in the eMTC formula, i.e. (3), seems to be re-usable for NB-IoT to evenly distribute the paging load onto different carriers. It is proposed to use this as a baseline and more time is spent by companies until RAN2#95bis to verify/check that it works correctly.
Proposal 4 As a baseline use the formula:  
PagingCarrier = floor(UE_ID/N) mod Nn
where N=min(T,nB), UE_ID the IMSI (modulo 214) and Nn the number of paging carriers configured in the cell for evenly distribute the paging among carriers. The PagingCarrier gives an index to identify the paging carrier from the broadcasted configuration of used carriers for paging in a cell.
For eMTC there is no difference in performance between the narrowbands (PNB) in which UEs monitor paging but for NB-IoT there may be differences between carriers/PRBs (denoted PNB in the figures above). These differences consist of both different capacity and different coverage and in the following sections this is discussed in more detail.

2.1 Uneven paging load distribution
The anchor carrier contains NPBCH/NPSS/NSSS/SI which is not present on non-anchor carriers so the (DL) capacity of an anchor carrier is smaller compared to a non-anchor carrier. In addition, all 3GPP Rel-13 NB-IoT UEs will receive paging (NPDCCH/NPDSCH) and Msg2/Msg4 on the anchor carrier. Different scheduling strategies for unicast traffic on non-anchor carriers may also apply in a NB-IoT cell which leads to that different amount of resources are available compared to a non-anchor carrier. The UE population in a NW may be quite different; from a large fraction of Rel-13 UEs (only capable of receiving paging on the anchor carrier) to a low fraction of Re-13 UEs, for example in the more distant future (when Rel-13 UEs have been replaced or firmware upgraded to newer release, e.g. Rel-14 and beyond). This results in that always having an even distribution of the paging load among the anchor/non-anchor carriers is not optimal and uneven distribution would be beneficial to have. Therefore, unlike eMTC, uneven paging distribution is desirable and beneficial for NB-IoT.
One possible simple solution to achieve uneven paging load distribution is to apply weights on the carriers (broadcasted on SI). In the following example assume that the anchor carrier is assigned a weight of 1 and the NB-IoT cell uses one non-anchor carrier that is assigned a weight of 2. In this example, the paging load from the Rel-14 UEs would be distributed according to: 1/(1+2)=1/3 on the anchor carrier and 2/(1+2)=2/3 on the non-anchor carrier. A calculation using these weights on two carriers and similar parameters as above (T=512, nB=4T) and 107 random UE IMSIs was done. The result is shown in the figure below where PRB1 (red curve) is the anchor carrier with weight 1 and PRB2 (yellow curve) is the non-anchor carrier with weight 2. 
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Figure 3. Example of uneven paging load distribution on two carriers using weights 1 and 2.

Due to the above it would be beneficial to be able to distribute the paging load for Rel-14 UEs unevenly among the available anchor/non-anchor carriers in a cell. 

Proposal 5 Introduce support for uneven paging load distribution among anchor/non-anchor carriers.
2.2 CE-level differentiation
In some NB-IoT scenarios different carriers may have different eNB output power, i.e. some may be power boosted. A typical case is that for an in-band/guard-band deployment the anchor carrier is power boosted but also other non-anchor carriers could be power boosted if enough eNB power is available. On these power boosted carriers fewer repetitions will be needed to achieve a certain coverage level compared to non-power boosted carriers. This means that it might not be feasible for some carriers to support paging in the highest CE-level as too many radio resources would then be required/consumed (due to the increased number of repetitions needed compared to a power boosted carrier). In addition, the UE power consumption for poor coverage UEs that are paged on a non-power boosted carrier would also be higher due to the longer transmission time that results from the larger number of required repetitions.  

So, if a NB-IoT cell uses multiple carriers with different eNB output power it would be beneficial to be able to distribute the paging of the UE population based on the UE coverage levels. One advantage of such a solution is that not all carriers need to support paging transmissions on all possible CE-levels. For example, all UEs in good coverage could be configured to monitor/receive paging on certain carriers where poor coverage UEs do not monitor/receive paging. This might increase the system resources and reduce paging blocking probability if increased paging record multiplexing is applied. 
To achieve this, the CE-level that is supported for each paging carrier could be provided on SI. UEs in a certain CE-level would then be distributed among the carriers that supports its current CE-level either using formula (2) above or unevenly as described in the previous section. The CE-level would be determined by UE RSRP measurements that is compared to RSRP thresholds in the same way as for NPRACH resource selection. Either the same or separate/new RSRP levels compared to the NPRACH selection levels could be used. 

Proposal 6 Introduce support for CE-level differentiated paging among carriers. The CE-levels that are supported for each paging carrier is provided on SI and UEs in a certain CE-level are then distributed among the paging carriers supporting that CE-level.
Assume that paging on the anchor carrier is supported for all CE-levels. Further, assume that all measurements by the UE is performed on the anchor carrier in idle mode. If the same eNB output power is used for a paging carrier/PRB compared to the anchor carrier/PRB output power, then no additional parameters are needed to be broadcasted for the UE to calculate/estimate the number of NPDCCH repetitions it needs to decode during a paging occasion. However, if a different eNB output power is used for a paging PRB then additional information (parameters) probably needs to be broadcasted for those carriers/PRBs in order for the UE to calculate/estimate the NPDCCH repetitions it needs to decode during the paging occasion. One such additional parameter could be the output power difference in the unit of dB between the anchor PRB and the paging carrier/PRB, e.g. a power-diff parameter with a value range of {-12dB, -9dB, -6dB, 0dB, 3dB, 6dB, 9dB, 12dB}. Note that positive values could as indicated also be possible in order to enable reduction of the number of repetitions (and thus the power consumption) for poor coverage UEs. Another such additional parameter could be a repetition compensation factor that should be applied by the UE to the number of repetitions compared to the estimated/calculated repetitions if the NPDCCH would have been received on the anchor carrier/PRB, e.g. a repetition-compensation parameter with a value range of {¼, ½, ¾, 1, 2, 4}.  These and/or other parameters could potentially be needed but they need to be defined by RAN1 so it is proposed to ask RAN1 with an LS what parameters that are needed to be broadcasted if different eNB output power is used for non-anchor paging carriers/PRBs. 

Proposal 7 Send an LS to RAN1 to ask what parameters that are needed if paging is supported on non-anchor carriers that have a different output power compared to the anchor carrier.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The paging procedure for Rel-14 is the same as for Rel-13, i.e. the paging message on NPDSCH is scheduled by NPDCCH.
Proposal 2
When paging is done on non-anchor carriers both the NPDCCH and the NPDSCH is received on the same non-anchor carrier.
Proposal 3
In order for the eNB to know if a UE can be paged on a non-anchor carrier the release information needs to be provided from the MME as part of the paging message. Send an LS to RAN3 and CT1 to inform them that the UE release information must be added to the paging message.
Proposal 4
As a baseline use the formula:   PagingCarrier = floor(UE_ID/N) mod Nn where N=min(T,nB), UE_ID the IMSI (modulo 214) and Nn the number of paging carriers configured in the cell for evenly distribute the paging among carriers. The PagingCarrier gives an index to identify the paging carrier from the broadcasted configuration of used carriers for paging in a cell.
Proposal 5
Introduce support for uneven paging load distribution among anchor/non-anchor carriers.
Proposal 6
Introduce support for CE-level differentiated paging among carriers. The CE-levels that are supported for each paging carrier is provided on SI and UEs in a certain CE-level are then distributed among the paging carriers supporting that CE-level.
Proposal 7
Send an LS to RAN1 to ask what parameters that are needed if paging is supported on non-anchor carriers that have a different output power compared to the anchor carrier.
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