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1 Introduction
In NB-IoT the UE in RRC idle mode is served by an anchor carrier. The UE when goes into RRC connected state can be redirected to non-anchor carrier by eNB. However UE requirement in terms of time to redirect the UE from the anchor carrier to the non-anchor carrier is not specified in TS 36.133.      
In this contribution we analyse and propose requirement on anchor to non-anchor redirection delay for UE category NB1 i.e. for Rel-13 NB-IoT UE.

2 Redirection from Anchor Carrier to Non-anchor Carrier
2.1 Background

In NB-IoT anchor and non-anchor carriers are defined. In anchor carrier the UE assumes that NPSS/NSSS/NPBCH/SIB-NB are transmitted on downlink. In non-anchor carrier the UE does not assume that NPSS/NSSS/NPBCH/SIB-NB are transmitted on downlink. The anchor carrier is transmitted on subframes #0, #4, #5 in every frame and subframe #9 in every other frame. The anchor carriers transmitting NPBCH/SIB-NB also contains NRS. The non-anchor carrier contains NRS and UE specific signals such as NPDCCH and NPDSCH. The non-anchor carrier can be transmitted in any subframe other than those containing the anchor carrier. The configuration of anchor and non-anchor carriers is signaled to the UE via RRC message as defined in TS 36.331 version 13.2.0:

CarrierConfigDedicated-NB information elements
CarrierConfigDedicated-NB-r13 ::=

SEQUENCE {


dl-CarrierConfig-r13

DL-CarrierConfigDedicated-NB-r13,


ul-CarrierConfig-r13

UL-CarrierConfigDedicated-NB-r13

}

DL-CarrierConfigDedicated-NB-r13 ::=
SEQUENCE {


dl-CarrierFreq-r13





CarrierFreq-NB-r13,


downlinkBitmapNonAnchor-r13



CHOICE {



useNoBitmap-r13






NULL,



useAnchorBitmap-r13





NULL,



explicitBitmapConfiguration-r13


DL-Bitmap-NB-r13,



spare








NULL


}

OPTIONAL,
 -- Need ON


dl-GapNonAnchor-r13





CHOICE {



useNoGap-r13






NULL,



useAnchorGapConfig-r13




NULL,



explicitGapConfiguration-r13


DL-GapConfig-NB-r13,



spare








NULL


}

OPTIONAL,
 -- Need ON


inbandCarrierInfo-r13


SEQUENCE {



samePCI-Indicator-r13


CHOICE
{




samePCI-r13





SEQUENCE {





indexToMidPRB-r13



INTEGER (-55..54) 




},




differentPCI-r13



SEQUENCE {





eutra-NumCRS-Ports-r13


ENUMERATED {same, four}



}



} 






OPTIONAL,

-- Cond anchor-guardband


eutraControlRegionSize-r13


ENUMERATED {n1, n2, n3}



}







OPTIONAL,

-- Cond non-anchor-inband


...

}

UL-CarrierConfigDedicated-NB-r13 ::=
SEQUENCE {


ul-CarrierFreq-r13


CarrierFreq-NB-r13

OPTIONAL,
-- Need OP

The periodicity of the downlink subframe configuration for downlink transmission on the non-anchor carrier is configured via another IE DL-Bitmap-NB defined in TS 36.331:

DL-Bitmap-NB information element
DL-Bitmap-NB-r13 ::= 


CHOICE {


subframePattern10-r13


BIT STRING (SIZE (10)),


subframePattern40-r13  


BIT STRING (SIZE (40))

}

The above downlink subframe configuration pattern depends on the NB-IoT operational mode. The bit map comprises of 10ms or 40ms for inband mode and 10ms for standalone/guardband modes.
In RRC idle the UE is served by an anchor carrier. However when the UE changes its mobility state from RRC idle to RRC connected, the eNB can serve the UE using the existing anchor carrier or it can redirect the UE to non-anchor carrier by using the IE CarrierConfigDedicated-NB as shown above. However currently there are no requirements in terms of time required by the UE for redirection from an anchor carrier to a non-anchor carrier. 
We therefore propose that requirements for redirection from an anchor carrier to a non-anchor carrier is specified in Rel-13 for UE category NB1. 

· Proposal # 1: Requirements for UE category NB1 to support redirection from anchor carrier to non-anchor carrier is specified in Rel-13.

2.2 Proposed Requirements for UE Category NB1

The overview of the procedure for redirecting the UE from anchor carrier to non-anchor carrier is shown in figure 1.
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Figure 1: Procedure of anchor/non-anchor carrier assignment in NB-IoT. 
The network assigns the anchor carrier (C1) or non-anchor carrier (C2) for downlink and uplink transmission independently with CarrierConfigDedicated-NB message (Msg4 in figure 1). Both the network and UE assume to use the specified carrier after the acknowledgement (ACK) for the PDSCH containing CarrierConfigDedicated-NB. In Rel-13 no random access is possible on non-anchor carrier. Therefore in order to verify that the UE has successfully redirected to the indicated (target) non-anchor carrier the needs to transmit NPUSCH to the non-anchor carrier within specified time. However in order to transmit NPUSCH on C2, the UE needs to acquire the uplink scheduling grant from the non-anchor carrier. Since both anchor and non-anchor carriers are transmitted in different subframes of the same frame so no additional time is needed to acquire time synchronization of the non-anchor carrier. The time to redirect to non-anchor carrier will depend on:

1. RRC procedure delay to process the received CarrierConfigDedicated-NB message.
2. Time to switch from DL to UL for transmitting ACK on anchor carrier upon receiving PDSCH containing CarrierConfigDedicated-NB message.
3. Time to switch from UL to DL for receiving UL grant on NPDCCH from non-anchor carrier.

4. Periodicity of the downlink subframe configuration i.e. bit map pattern. This is because in the worst case there may be one subframe per bit map configured for non-anchor carrier.

5. Time to acquire UL grant on NPDCCH from non-anchor carrier to transmit NPUSCH on non-anchor carrier,
6. Time to switch from DL to UL for transmitting and

7. Time to transmit NPUSCH on non-anchor carrier.
The RRC procedure delay is assumed to be 110 ms, which is used in case RRC connection release with redirection. Therefore the switching times # 2 and #3 will be well within this duration of RRC procedure delay. Therefore only switching time # 6 needs to be accounted for in the requirement. The UE higher layers may trigger the UE anytime within the DL bitmap pattern to acquire the UL grant on the non-anchor carrier. Therefore one time period of the downlink subframe configuration is needed to account for the uncertainty. The time to acquire UL grant from non-anchor carrier depends on both DL bitmap pattern and also repetition used for transmitting NPDCCH. The time to transmit NPUSCH on non-anchor carrier depends on the repetition used for transmitting NPUSCH. 
The detailed requirements are expressed below:

The time delay (Tconnection_redirect_non-anchor) is the time between the end of the last subframe in the repetition period of NPDSCH containing the IE, “CarrierConfigDedicated-NB” received on the anchor carrier and the end of the last subframe in the repetition period of NPUSCH transmitted on the target non-anchor carrier. The time delay (Tconnection_redirect_non-anchor) shall be less than:

Tconnection_redirect_non-anchor = TRRC_procedure_delay + Tperiod_DL_bitmap + TUL_grant + TDL-UL switch + TNPUSCH

TRRC_procedure_delay: It is the RRC procedure for processing the received message “CarrierConfigDedicated-NB”. It shall be less than 110 ms.

Tperiod_DL_bitmap: It is the periodicity of the downlink subframe configuration for downlink transmission on the non-anchor carrier. It is configured via IE DL-Bitmap-NB [2] and can be 10 ms or 40 ms.

TUL_grant: It is the time required to acquire uplink grant from the non-anchor carrier for transmitting NPUSCH on the non-anchor carrier. The value of TUL_grant depends on Tperiod_DL_bitmap and the number of repetitions of NPDCCH used in the non-anchor carrier. 

TDL-UL switch: It is the time between the end of the last subframe in the repetition period of NPDCCH received on the non-anchor carrier and the start of the first subframe in the repetition period of the corresponding NPUSCH transmitted on the non-anchor carrier. TDL-UL switch is 8 ms.
TNPUSCH: It is the time required to transmit NPUSCH on the non-anchor carrier. The value of TNPUSCH depends on the number of repetitions of NPUSCH used in the non-anchor carrier.
3 Conclusion
The UE can be requested by the eNB to perform redirection from the anchor carrier to the non-anchor carrier. But the corresponding UE requirements are missing. Therefore in this paper we have analysed and proposed UE requirements in terms of time requirement by the UE to perform redirection from an anchor to a non-anchor carrier. The main proposal is:
· Proposal # 1: Requirements for UE category NB1 to support redirection from anchor carrier to non-anchor carrier is specified in Rel-13.
The corresponding CR is provided in [1] based on the above stated proposal and analysis.
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