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1 Introduction
In RAN#72 plenary meeting, the WID for enhancement of NB-IoT was agreed, and the following is one of the objectives [1]:

 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 discuss some considerations for paging on non-anchor PRB from RAN1 perspective.

2 Discussions
In Rel-13 NB-IoT ,  multiple PRB concept was introduced and supported  for in-band, guard-band operation modes. The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions. However, the paging message is restricted to carried on the anchor carrier.  To obtain more resource for paging, non-Anchor carriers are supported to transmit paging message in RAN #72.  Furthermore, in RAN2 #95bis, the following was agreed:
· The DRX cycle (defaultPagingCycle) is common for all carriers configured for paging.

· The number of NPDCCH repetitions (npdcch-NumRepetitionPaging) is configured per carrier.

· Nb is common for all paging carriers.

· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)

· CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.

2.1 Remaining issue for paging on non-anchor PRB
In RAN1 #84, we have the following agreement for paging CSS:
· For CSS for paging, 

· For in-band and guard-band operations, Power boosting is assumed for extreme coverage on the CSS for paging

Similarly, on non-anchor PRB, power boosting can also be assumed for extreme coverage on CSS for paging
Proposal 1:  For in-band and guard-band operations, power boosting is assumed for extreme coverage on the CSS for paging non-anchor PRB
In RAN1 NB-IoT adhoc#2 meeting, we have the following agreement for Starting Subframe of paging CSS:
· Use the same mechanism to define {PF, PO} for paging CSS for inband, standalone, and guard band
· Starting subframe of paging CSS is determined by (PF, PO)

· Starting subframe of paging CSS is further determined by the following:
· Use the existing PO paging subframe pattern
· If the subframe SF0 determined by {PF, PO} is a valid DL subframe, then the subframe SF0 is the starting subframe of the paging CSS.
· If the subframe SF0 determined by {PF, PO} is NOT a valid DL subframe, then the first valid DL subframe after SF0 is the starting subframe of the paging CSS
	Ns 
	PO when i_s=0
	PO when i_s=1 
	PO when i_s=2 
	PO when i_s=2 

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


To determine starting subframe for paging CSS on non-anchor PRB, the above mechanism can be reused.
Proposal 2:  The mechanism of determining starting subframe of paging CSS on anchor PRB for Rel-13 can be reused for paging CSS on non-anchor PRB for Rel-14.
2.2 Remaining issues for NPRACH on  non-anchor PRB
Similar to paging, the capacity of NPRACH is another bottleneck limiting the capacity of NB-IoT. In Rel-13, All NB-IoT Rel-13 UEs in a cell will carry out their RA procedure on the anchor carrier. Since in some scenarios there might only be a limited amount of Rel-13 UEs in a specific cell, it is agreed to allow Rel-14 UEs to perform the RA procedure both on the anchor and on non-anchor carriers.
It could be possible to configure different carriers separately for UL transmission and DL transmission during the initial random procedure. However, it is not evident that such complex configuration will bring what particular gain.
Several remaining issues remains. Firstly, UEs that are able to perform the RA on non-anchor carriers need to know about the configuration of such carriers, such configuration shall be broadcasted together with other system information. When configuring the NPRACH for each UL carrier, there are three possible methods related to NPRACH configuration as following:
· The same NPRACH configurations are used by all NB-IoT UL carriers for which random access is allowed

· One NPRACH configurations for anchor carrier and another NPRACH configurations for non-anchor carrier
· Each carrier has its own NPRACH configuration
The signaling overhead needed is increasing, with the third method requiring the largest amount of configuration information. However, with separate NPRACH configuration per carrier, it is possible for the eNB to configure different carrier for RACH procedure of different coverage level. The eNB could have different power boosting factor on different carrier. Non-anchor carrier with different power boosting factor can be used to support UE of different coverage level therefore the added flexibility of NPRACH configuration will enable this possibility. However the cost of this is this will increases the SIB signaling overhead. Considering the capacity of the SIB the coverage it needs to support, option 2 seems to be a good tradeoff.  However , in RAN2 #95bis, it has been agreed that the configuration of NPRACH for non-anchor carrier will be chosen 
· Option 1:   The NPRACH resource configurations for different non-anchor carriers are independent.
· Option 2:  Part of the NPRACH resource configurations for different non-anchor carriers are common and sent in common NPRACH configuration, different configurations for each carrier are sent independently.
 In light of this new agreement , from overhead perspective option 2 is more favorable. 
Proposal 3: The eNB shall be able to have different NPRACH configuration for UL non-anchor carriers and UL anchor-carrier.

Proposal 4: For NPRACH configuration for UL non-anchor carriers, part of the NPRACH resource configurations for different non-anchor carriers are common and sent in common NPRACH configuration, different configurations for each carrier are sent independently.

To support the transmission of NPRACH on a non-anchor carrier in the case of PDCCH order, RAN1 needs to decide if the carrier that is chosen for PDCCH order transmission shall be the same carrier as the PDCCH order, or it can be any carrier configured. Choose the same carrier as the PDCCH order transmission for NPRACH will require small signaling overhead, while signaling the NPRACH carrier in the PDCCH order will give eNB more flexibility. Given the fact that RAN2 already decide that different UL and DL carrier can be used during  contention based RACH procedures, we propose that PDCCH order can designate the non-anchor/anchor carrier to be used for NPRACH transmission.
Proposal 5: For NPRACH transmission trigger by NPDCCH order, the UL carrier index used for NPRACH transmission is indicated in NPDCCH order.
2.3 NRS on non-anchor PRB

It has been proposed that NRSs should only be present on non-anchor carriers only when there is traffic, either control or data signal, that needs to be sent to the NB-IoT UEs. This is mainly due to the concern that having NRS transmission always on the non-anchor PRB would increase the power consumption of the network and restrict the flexibility to dynamically share resources between LTE and NB-IoT. However, without NRS transmission, the UE monitoring paging on one particular non-anchor PRB have to retune to the anchor PRB for measurement, therefore increasing the UE power consumption. When the network has available resources for NRS transmission, it should be able to configure always-on NRS transmission for any non-anchor PRB. If the transmission of NRS on a non-anchor paging PRB is not configured as always-on, then the NRS will be at least present from the start of paging CSS to the end of the paging transmission. 
Proposal 6:   NRS transmission on non-anchor PRB is configurable.
Proposal 7:  For a non-anchor paging PRB, NRS will be at least present from the start of paging CSS to the end of the paging transmission.
3 Conclusions
In this contribution, we have provided some analysis for the remaining issues to support multiple PRB for NB-IoT from RAN1 perspective. We make the following proposals:

Proposal 1:  For in-band and guard-band operations, power boosting is assumed for extreme coverage on the CSS for paging non-anchor PRB

Proposal 2:  The mechanism of determining starting subframe of paging CSS on anchor PRB for Rel-13 can be reused for paging CSS on non-anchor PRB for Rel-14.
Proposal 3: The eNB shall be able to  have different NPRACH configuration for UL non-anchor carriers and UL anchor-carrier.

Proposal 4: For NPRACH configuration for UL non-anchor carriers, part of the NPRACH resource configurations for different non-anchor carriers are common and sent in common NPRACH configuration, different configurations for each carrier are sent independently.

Proposal 5: For NPRACH transmission trigger by NPDCCH order, the UL carrier used for NPRACH transmission is indicated in NPDCCH order.
Proposal 6: NRS transmission on non-anchor PRB is configurable.
Proposal 7:  For a non-anchor paging PRB, NRS will be at least present from the start of paging CSS to the end of the paging transmission.
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