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Introduction
Existing delay requirement for RRC connection redirection to non-anchor carrier is introduced in the section 6.9 of TS 36.133 is defined by reusing the RRC processing delay of 110ms from E-UTRAN to UTRAN redirection. However, depending on NPUSCH configuration for ACK transmission, such delay may fall short for NB-IoT UE.
In this contribution, we present our analysis on this issue, and propose the necessary change in the existing delay requirement for RRC connection redirection to non-anchor carrier.
Discussion
Existing delay requirement for RRC connection redirection to non-anchor carrier is given by 
	[Section 6.9, TS36.133 v13.11.0]
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.
…



In our view, TRRC_procedure_delay in the 6.9 should include the total amount of the time it takes for NB-IoT UE to re-tune to the non-anchor carrier and it should not be confused by the RRC procedure delay defined defined by RAN2 in TS 36.331. In the RRC procedure delay in TS 36.331 does not take into account any physical layer delay associated with RRC processing and can be at most 55ms for NB-IoT. During TRRC_procedure_delay amount of time defined in the redirection delay, NB-IoT UE is supposed to complete the following procedures:
· Process the RRC message for redirection
· Transmit ACK to the anchor carrier for the received RRC message via NPUSCH
· Retune to non-anchor carrier

Note that NB-IoT UE cannot start re-tuning to non-anchor carrier before the completion of the NPUSCH transmission for ACK since the re-tuning will interrupt the NPUSCH transmission to anchor carrier. However, depending on the ACK-NACK-NumRepetitions-NB configured by eNB, ACK transmission alone may take longer than 110ms. For example, when ACK-NACK-NumRepetitions-NB = r128, ACK response is transmitted using NPUSCH format 2 over 128*4 consecutive NB-IoT UL slots (= 256ms), which exceeds 110ms. 
Observation 1. Depending on the network configuration, ACK transmission for the received RRC message may take longer than 110ms in NB-IoT connection re-direction to non-anchor carrier. 
Currently there is no NB-IoT requirement/specification allowing NB-IoT UE to interrupt its PHY layer ACK transmission for the RRC message. Therefore, existing requirement in the section 6.9 in TS36.133 should be corrected to reflect the scenario with long ACK transmission delay. To this end, we propose the following change in the redirection delay requirement. 
Proposal 1. Revise the delay requirement for NB-IoT RRC connection redirection to non-anchor carrier as follows:
	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 max (110, TNPUSCHACK + [15]) ms.
TNPUSCHACK: It 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 transmission on the anchor carrier containing the corresponding ACK. 
…



To account for long ACK transmission delay, TRRC_procedure_delay in the section 6.9 in TS36.133 is revised to take the maximum value between 110ms and the sum of the actual NPUSCH transmission delay for ACK and the delay to re-tune to the non-anchor carrier. 
The delay to re-tune to the non-anchor carrier after the completion of ACK transmission would depend on the whether UE can leverage the tracking loops between the anchor and non-anchor carrier. Assuming the anchor and non-anchor carrier frequencies are within 20MHz, and the two carriers are from the same base station or co-located, we propose to use 15ms for the re-tune delay to account for the limited processing power in NB-IoT UE. A companion CR [1] is also prepared to capture the requirement change proposed in this paper.
Proposal 2. Add a side condition to the connection redirection delay requirement clarifying that the anchor and non-anchor carrier frequencies are within 20MHz, and the two carriers are from the same base station or co-located ones.

Conclusion
In this contribution, we discussed the issue in the existing NB-IoT delay requirement for RRC connection redirection to non-anchor carrier in the presence of long ACK transmission delay. Observation and proposal made in this paper are summarized as follows. 
Observation 1. Depending on the network configuration, ACK transmission for the received RRC message may take longer than 110ms in NB-IoT connection re-direction to non-anchor carrier. 
Proposal 1. Revise the delay requirement for NB-IoT RRC connection redirection to non-anchor carrier as follows:
	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 max (110, TNPUSCHACK + [15]) ms.
TNPUSCHACK: It 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 transmission on the anchor carrier containing the corresponding ACK. 
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