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Discussion and Decision
1      Introduction
In the email discussion [95#41][eNB-IoTenh] Paging open issues, (Ericsson), it discussed the paging configuration and the carrier selection scheme for paging. 

In this contribution, we discuss further on these issues for Rel-14 NB-IoT UE. 
2      Discussion
Rel-13 NB-IoT UE only monitors paging on the anchor NB-IoT carrier (which is the carrier where the UE camps on in idle mode and reads MIB and SIB). 
With paging transmission also possible over non-anchor carrier, a Rel-14 NB-IoT UE has potentially the choice of selecting other NB-IoT non-anchor carriers for monitoring paging. The first question is whether the paging configuration (i.e. DRX cycle, nB and NPDCCH repetition for paging) may be different from one carrier to another. The following is a list of parameters in the paging configuration:

· defaultPagingCycle
· nB
· npdcch-NumRepetitionPaging
The non-anchors can be in different deployment to the anchor (i.e. mix 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 (N-RS)) and different carriers can also have different power boosting, the maximum amount of repetitions required for paging may be different for different carriers. Hence it is clear that the npdcch-NumRepetitionPaging for paging can be different from one carrier to another depending on the carrier deployment supporting paging

As on defaultPagingCycle, it is a cell specific parameter and thus, it should be common among the paging carriers.

Lastly, the nB defines the number of paging occasions supported over a DRX cycle and thus the paging capacity. However in NBIOT, nB is also used for separating 2 paging occasions to ensure that the worst case coverage level supported by the cell is possible. For example, if nB = T/32, it means that the repetitions of PDCCH and PDSCH for paging has to be possible within the 320ms. All carriers will have to support such nB at most. It would be simple to assume the same nB over all carriers as it would simplify the carrier selection calculation (i.e. the same formula as eMTC can be reused) as well as apply the same PF and PO calculation for all the carriers.
Proposal#1: Only NPDCCH repetitions can be different across paging carriers due to the different carrier deployment. DRX Cycle T and nB is the same across paging carriers (whether the eNB most likely will take the worst case required between all the paging carriers in the cell).
There are further 2 issues in allowing Rel-14 NB-IoT UE to select among NB-IoT carrier:

(A) In Rel-13, the idle mode paging is always performed on the anchor carrier. The eNB has to transmit the paging for Rel-13 UE in the anchor carrier. Carrier that can be used as anchor will hence most likely be more loaded than carrier that can only be used as non-anchor carrier.

(B) If the anchor and non-anchors are all in-band, 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 and DRX cycle are the same across the carriers). In the case the non-anchors are different to the anchor (i.e. mix deployment),  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 (N-RS)) and different carriers can have different power boosting, the maximum amount of repetitions required for paging may be different for different carriers. If the selection scheme is just based on UE_ID, a UE may end up stuck in a carrier that have a poor coverage (i.e. low power boosting)
In the following, the proposed way forward for the above 2 issues is discussed.  

2.1     The need of network control of paging on anchor carrier for Rel-14 NB-IoT UE

For Issue (A) above, if it is assumed that the amount of Rel-13 NB-IoT UE is not large, then it may not be necessary to provide the operator with the means to control the Rel-14 NB-IoT UE receiving paging from the anchor carrier.

However, if the view is that the amount of Rel-13 NB-IoT UE can be large, then it would be beneficial to enable the operator the means to decide on whether a Rel-14 UE can use anchor carrier in the selection of carrier for paging. This can be achieved by sending such indication by the eNB on a SIB as it is only useful for idle mode UE for paging. SIB 2, which contains the common channel configuration, can be the SIB to contain such indication.
There are 2 alternatives in defining such an indication:

Alt#1: Explicit indication on whether Anchor carrier can be selected by Rel-14 UEs for selection
In this alternative, the cell will explicitly indicate whether the Rel-14 UE can select the anchor carrier for paging, If the indication is “TRUE”, the UE will include the anchor carrier as one of the carriers (including the indicated list of non-anchor carriers for paging) for selecting the carrier for monitoring of paging. If the indication is “FALSE”, the UE will only select from the indicated list of non-anchor carriers for monitoring of paging. An alternative way of signaling is to include or not include the anchor carrier in the list of carriers for paging.
Alt#2: Indication the proportion of Rel-14 UEs that should consider Anchor carrier for selection
In this alternative, the cell will indicate the proportion (proportionAnchorCarrierForPaging) of Rel-14 UEs that should be considering the anchor carrier for paging. Assuming that the Rel-14 UEs is evenly distributed over the UE ID space, the following is an example of such calculation when anchor carrier is to be considered for Rel-14 UEs:

If (UE_ID mod proportionAnchorCarrierForPaging) = 0, the Rel-14 UE with the UE ID should include anchor carrier into the list of carriers for selection for paging monitoring. 

If proportionAnchorCarrierForPaging =1, it would mean all Rel-14 UE will consider Anchor carrier for paging monitoring.

If proportionAnchorCarrierForPaging =2, it would mean 50% Rel-14 UE will consider Anchor carrier for paging monitoring.

…..

If proportionAnchorCarrierForPaging =16, it would mean 6.25% Rel-14 UE will consider Anchor carrier for paging monitoring.

If proportionAnchorCarrierForPaging =Infinity, it would mean NO Rel-14 UE will consider Anchor carrier for paging monitoring.

Alt#2 provides a more refined granularity for the operator to control the number of Rel-14 UEs considering the anchor carrier for paging than Alt#1. This allows the operator the means to increase the number of Rel-14 NB-IoT UEs over time when the number of Rel-13 NB-IoT UEs decreases. It is thus proposed that:

Proposal#2: If it is agreed to resolve Issue (A), it is proposed to adopt alternative that allow for controlling the proportion of Rel-14 NB-IoT UEs taking into consideration of anchor carrier in the selection of carrier for paging.
2.2     The need to handle fairness to the selection scheme
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 design where the non-anchor carriers (or 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. mix deployment), in which case, as it is previously explained, 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 (N-RS)) and different carriers can also have different power boosting, the maximum amount of repetitions required for paging may be different for different carriers. Furthermore if the selection scheme is just based on UE_ID, a UE may end up stuck in a carrier that have a poor coverage (i.e. low power boosting). One way to solve the issue is to include a time factor to the calculation of the carrier selection for paging. An example of such selection scheme with such time factor is shown below:

NB-PC = floor((UE_ID+HSFN)/(N*Ns)) mod Nn where HSFN is the Hyper Frame Number
The above selection scheme will allow a UE ID to change its carrier every N*Ns HSFN.

Proposal#3: To use a paging carrier selection scheme based on UE_ID and taking a time factor (e.g. HSFN) into account (to ensure that a UE does not stuck to a poor coverage carrier).
2.3     Other considerations
With the increase in the paging occasions to include the non-anchor PRB, the UE_ID determination needs to be modified to take into account of the extra paging occasions. For Rel-13, the UE_ID is:

· IMSI mod 4096, if P-RNTI is monitored on NPDCCH but UE does not support NB-PC over non-anchor carrier.

Like in eMTC, the new UE_ID for Rel-14 NBIOT is:

· IMSI mod (4096*maximum possible value of Nn), if P-RNTI is monitored on NPDCCH and UE supports NB-PC over non-anchor carrier.

Proposal#4: The UE_ID needs to be taken account of use of paging carriers:

· IMSI mod (4096*maximum possible value of Nn), if P-RNTI is monitored on NPDCCH and UE supports NB-PC over non-anchor carrier.

3      Conclusion
In this contribution, we discuss the issue related to the selection of the carriers for paging monitoring of the Rel-14 NB-IoT UE, and has the following proposals:
Proposal#1: Only NPDCCH repetitions can be different across paging carriers due to the different carrier deployment. DRX Cycle T and nB is the same across paging carriers (whether the eNB most likely will take the worst case required between all the paging carriers in the cell).
Proposal#2: If it is agreed to resolve Issue (A), it is proposed to adopt alternative that allow for controlling the proportion of Rel-14 NB-IoT UEs taking into consideration of anchor carrier in the selection of carrier for paging.

Proposal#3: To use a paging carrier selection scheme based on UE_ID and taking a time factor (e.g. HSFN) into account (to ensure that a UE does not stuck to a poor coverage carrier).

Proposal#4: The UE_ID needs to be taken account of use of paging carriers:

· IMSI mod (4096*maximum possible value of Nn), if P-RNTI is monitored on NPDCCH and UE supports NB-PC over non-anchor carrier.
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