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1
Introduction
In RAN#72 Plenary, it was agreed to specify for NB-IoT Rel-14 the following enhancements related to non-anchor PRB/carrier (see [1]):

· Support transmission of NPRACH on a non-anchor NB-IoT PRB.
· Support transmission of paging on a non-anchor NB-IoT PRB.

In this contribution after a short summary of non-anchor carrier management for NB-IoT Rel-13 we provide proposals related to the above enhancements; we also provide our views related to System Information transmission.
2
Management of non-anchor carriers
Multi-carriers NB-IoT has been introduced in Rel-13 to provide additional capacity for NB-IoT UEs in connected mode, anchor and non-anchor carriers being defined as follows (see [2]):
· Anchor carrier: in NB-IoT, a carrier where the UE assumes that NPSS/NSSS/NPBCH/SIB-NB are transmitted.

· Non-anchor carrier: in NB-IoT, a carrier where the UE does not assume that NPSS/NSSS/NPBCH/SIB-NB are transmitted.

A NB-IoT in connected mode may be instructed by the network to use DL/UL resources from a non-anchor carrier according to the following scheme:





As a consequence a UE in idle mode always uses physical resources from the anchor carrier, which may create a bottleneck in multi-carriers mode; the Rel-14 enhancements intend to improve this by allowing both random access and paging from a non-anchor carrier.
On the other hand for load-balancing optimization purpose it is found beneficial to provide the network with an additional flexibility by allowing random access and paging for a subset of the available non-anchor carrier(s).

Proposal #1: in a case of a multi-carriers configuration random access and paging may be allowed for a subset of the available DL/UL non-anchor carrier(s).

3
NPRACH transmission on a non-anchor carrier
There are two possible strategies related to NPRACH transmission, either:

· The same NPRACH configurations (up to 3) are supported by all NB-IoT UL carriers for which random access is allowed – anchor and non anchor, or,

· All NB-IoT UL carriers for which random access is allowed do not mandatorily support the same NPRACH configurations (up to 3 per carrier).

Although the 2nd possibility increases network complexity it is found beneficial as it allows to e.g. allocate carriers to UE with a given coverage and therefore optimize load balancing vs UE coverage. It is also proposed that a given NB-IoT UE selects randomly the NB-IoT UL carrier used for random access, e.g. either (NUL being the number of NB-IoT UL carriers for which random access is allowed):

· The NB-IoT UE uses its ID (i.e. the GUTI) to compute the UL NB-IoT carrier index as :                        Carrier_indexUL = GUTI mod (NUL). As NUL is expected to be small such algorithm works only if the least significant bits of the GUTI are « fairly random », or,

· The UE computes a random integer between 0 and NUL-1 using a pseudo-random algorithm based e.g. upon linear congruential generators.

As a consequence the UE needs to be aware of the list of NB-IoT UL carriers for which random access is allowed, identified e.g. by their carrier index. The precise way to provide such information is TBD by RAN2 (e.g. via the SIB2-NB), but it shall be provided in a backward-compatible way, i.e. “no information provided” means that “NPRACH is transmitted by the anchor carrier only”.

Proposal #2: In the case of a multi-carriers configuration:
- A subset of the NB-IoT UL carriers may be used for random access; the NPRACH configurations may be different for these carriers (up to 3 NPRACH configurations per carrier).
- The UE shall select randomly among this subset the NB-IoT UL carrier used for random access.
- The network shall broadcast the list of NB-IoT UL carriers for random access and their associated NPRACH configurations (precise way TBD by RAN2, e.g. via the SIB2-NB).
4
Paging transmission on a non-anchor carrier
In order to allow a UE in idle mode to monitor paging requests it is necessary to transmit paging on a non-anchor carrier.
In a similar way and as already implemented for eMTC (see [3]), our proposal is to introduce “Paging NB-IoT Carrier” (PNC) and to have PNC determined by the following equation: PNC = floor(UE_ID/(N*Ns) mod Nc with N, Ns defined as in [3], UE_ID = IMSI mod 4096 (see [3]) and Nc = number of NB-IoT DL carriers for which paging may be transmitted.
On the other hand PF/PO are determined as described by [3], and the DCI Format N2 is used to indicate that a paging message is available (see [4]).

As a consequence the UE needs to be aware of the list of NB-IoT DL carriers for which paging is transmitted, identified e.g. by their carrier index. The precise way to provide such information is TBD by RAN2 (e.g. via the SIB2-NB), but it shall be provided in a backward-compatible way, i.e. “no information provided” means that “Paging is transmitted by the anchor carrier only”.

Proposal #3: In the case of a multi-carriers configuration:
- A subset of the NB-IoT DL carriers may transmit paging.
- The NB-IoT DL carrier used for paging is determined by the following equation: PNC = floor(UE_ID/(N*Ns) mod Nc, Nc being the number of NB-IoT DL carriers for which paging may be transmitted.
- The network shall broadcast the list of NB-IOT DL carriers for which paging may be transmitted (precise way TBD by RAN2, e.g. via the SIB2-NB).

5
System Information transmission

With the above improvements one may wonder whether it would not be beneficial to transmit System Information on non-anchor carriers to prevent a UE in idle mode from switching on the anchor carrier to read the SIBs.
On the other hand given that: 

· SIBs updates are mainly triggered by OAM actions.
· Transmitting SIBs on non-anchor carriers would bring additional complexity and would need additional NPDSCH resources.

Our proposal is to keep SIBs transmission on the anchor carrier only, as for Rel-13; DCI Format N2 shall be used to indicate that SIBs have been updated (“Direct indication” information, see [4]).
Proposal #4: In the case of a multi-carriers configuration, SIBs transmission shall be performed on the anchor carrier only, as for Rel-13. DCI Format N2 shall be used to indicate that SIBs have been updated.

6
Conclusion
In this contribution, we consider the enhancements related to non-anchor carriers. Based on our analysis, we make the following proposals:
Proposal #1: in a case of a multi-carriers configuration random access and paging may be allowed for a subset of the available DL/UL non-anchor carrier(s).

Proposal #2: In the case of a multi-carriers configuration:
- A subset of the NB-IoT UL carriers may be used for random access; the NPRACH configurations may be different for these carriers (up to 3 NPRACH configurations per carrier).
- The UE shall select randomly among this subset the NB-IoT UL carrier used for random access.
- The network shall broadcast the list of NB-IoT UL carriers for random access and their associated NPRACH configurations (precise way TBD by RAN2, e.g. via the SIB2-NB).
Proposal #3: In the case of a multi-carriers configuration:
- A subset of the NB-IoT DL carriers may transmit paging.
- The NB-IoT DL carrier used for paging is determined by the following equation: PNC = floor(UE_ID/(N*Ns) mod Nc, Nc being the number of NB-IoT DL carriers for which paging may be transmitted.
- The network shall broadcast the list of NB-IOT DL carriers for which paging may be transmitted (precise way TBD by RAN2, e.g. via the SIB2-NB).

Proposal #4: In the case of a multi-carriers configuration, SIBs transmission shall be performed on the anchor carrier only, as for Rel-13. DCI Format N2 shall be used to indicate that SIBs have been updated.
7
Reference

[1] RP-161324, “Enhancements of NB-IoT” WID, Vodafone, Huawei, HiSilicon, Ericsson, Qualcomm, RAN#71, Busan, Korea.

[2] 3GPP TS 36.300, “Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2 (Release 13)”, v.13.4.0.
[3] 3GPP TS 36.304, “Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipement (UE) procedures in idle mode (Release 13)” , v.13.2.0.
[4] 3GPP TS 36.212, “Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding (Release 13)” , v.13.2.0.
Non-anchor carrier





RRC_CONNECTED --> RRC_IDLE





RRC_IDLE --> RRC_CONNECTED





Anchor carrier





Random Access/Paging





Cell Search









