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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, we briefly discuss the support for paging on non-anchor PRBs from RAN1 perspective. 
2 Discussion
In Rel-13 the paging procedure is done on the anchor carrier that 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 it was decided not to include this as part of the Rel-14 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.
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 from a non-anchor carrier. The UE population in a NW may be different from a large fraction of Rel-13 UEs (only capable of receiving paging on the anchor carrier) to a low fraction for example in different locations and especially as times goes by (more and more Rel-13 UEs are replaced and/or some models are firmware upgraded to Rel-14). 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. At this moment, we do not see any RAN1 impacts on this. 
Proposal 3 Introduce support for uneven paging load distribution among anchor/non-anchor carriers is beneficial, and currently no RAN1 impacts are expected. 
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 to 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. 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. However, the details need to be discussed in RAN2, and no RAN1 impacts are expected. 
Observation 1
Introducing support for CE-level differentiated paging among carriers has no RAN1 impacts.
Proposal 4  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 (as worst case, Rmax, number of repetitions shall not be required all UEs to decode regardless CE-level). 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, 6, 8, 10, 12}.  These and/or other parameters could potentially be needed but they need to be defined by RAN1. 
Proposal 5 RAN1 studies the parameters that are needed if paging is supported on non-anchor carriers that have a different output power compared to the anchor carrier.
2.3 Co-existence between eMTC and NB-IoT
As discussed in [2], an LTE cell can support eMTC and inband NB-IoT simultaneously. Therefore, for optimal co-existence between eMTC and NB-IoT, the PRB indices should be carefully selected. It is agreed in [2] that for eMTC

“

For BW > 3 MHz, the two middle narrowbands are not used for Paging transmission. 
” 

Therefore, when both eMTC and NB-IoT are enabled, for optimal co-existence, there are in total consecutive 6 PRBs in the DL can be used for NB-IoT inband operation, two of which are possible anchor positions for NB-IoT. Also, for some bandwidth, there are a couple of PRBs left at the band edge that can be used for non-anchor carriers. 
Hence, this problem needs to take into consideration when configuring non-anchor PRBs for paging in NB-IoT. 

We list the PRB indices for different system bandwidth when in-band NB-IoT and eMTC can be deployed in the same LTE cell as follows, where the indices in red bold text indicate PRBs useful as anchor PRBs. Index start from 0. 

· System bandwidth 5 MHz (25 PRBs):
NB-IoT PRB indices: 6, 7, 8, 16, 17, 18
· System bandwidth 10 MHz (50 PRBs):
NB-IoT PRB indices: 0, 19, 20, 21, 28, 29, 30, 49
· System bandwidth 15 MHz (75 PRBs):
NB-IoT PRB indices: 0, 31, 32, 33, 41, 42, 43, 74
· System bandwidth 20 MHz (100 PRBs):
NB-IoT PRB indices: 0, 1, 44, 45, 46, 53, 54, 55, 98, 99
Proposal 6 When both eMCT and NB-IoT with inband mode are enabled in the same cell, for optimal co-existence between the two system, the anchor and non-anchor PRB used for paging should follow the same principle outlined in [2], i.e., anchor and non-anchor PRBs used for NB-IoT should not be configured outside the two middle narrowbands defined for eMTC.
3 Conclusion

For the NB-IoT non-anchor paging we have the following observation and proposals. 
Observation 1    Introducing support for CE-level differentiated paging among carriers has no RAN1 impacts.
Proposal 7 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 8 When paging is done on non-anchor carriers both the NPDCCH and the NPDSCH is received on the same non-anchor carrier.
Proposal 9 Introduce support for uneven paging load distribution among anchor/non-anchor carriers is beneficial, and currently no RAN1 impacts are expected. 
Proposal 10 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 11 RAN1 studies the parameters that are needed if paging is supported on non-anchor carriers that have a different output power compared to the anchor carrier.

Proposal 12 When both eMCT and NB-IoT with inband mode are enabled in the same cell, for optimal co-existence between the two system, the anchor and non-anchor PRB used for paging should follow the same principle outlined in [2], i.e., anchor and non-anchor PRBs used for NB-IoT should not be configured outside the two middle narrowbands defined for eMTC.
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