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1 Background
The RRC processing delay requirements for NB-IoT were discussed in RAN2#95 [1], [2], and it was agreed to specify the delay requirements for NB-IoT:
· Agree to specify the processing delays for NB-IoT.

There was also an email discussion to discuss the RRC processing delays for NB-IoT, including the 60 ms acknowledgment delay with the RRC release message: 
[95#39][NB-IoT] RRC processing delays.(Neul) 


Intended outcome: Email discussion report


Deadline: Thursday 22/09/2016

In this contribution the RRC processing delay requirements for NB-IoT are discussed further. The acknowledgement delay of the RRCConnectionRelease message is discussed further in [3]. 
2 Background
In NB-IoT the lower layer latencies (response times, repetitions, etc) are relatively high/significant compared to the RRC processing delays which are between 10 and 20 ms in LTE. 

The RRC processing delay in section 11.2 in 36.331 is defined from the end of reception of the RRC message on NPDSCH until the UE is ready to receive an UL grant for the RRC message that the UE sends in response to the RRC message (in number of 1 ms sub-frames):
N = the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).
To allow for a minimum NPDSCH processing time the gap between NPDSCH reception and ACK/NACK feedback is at least 12 subframes (“HARQ-ACK resource” field of DCI format N1 defined in 36.212 subclause 6.4.3.2 [95#39][NB-IoT]). 
The purpose to define a minimum UE RRC processing delay is to enable the eNB to schedule the UL grant efficiently, i.e. not too early nor too late. In case the processing delay is set too large, this also contributes to an increased UE power consumption, because the UE remains in connected mode a longer time. 

Observation 1: The UE power consumption is increased, when the RRC processing delay is (much) longer than the UE requires to process the RRC message.
3 Discussion

Only after the message on NPDSCH is processed, and the UE is able to respond with ACK/NACK, the RRC processing can start. This is not principally different from LTE operations, except that the NPDSCH ACK/NACK latency is perhaps relatively high compared to the allowed RRC processing delay. However the NPDSCH processing can be accounted for in the allowed RRC processing delay, and there is no obvious advantage to capture and model the NPDSCH processing in detail. Potentially some trade-off between parallel and consecutive RRC and lower layer processing can be left to UE implementation: 
Proposal 1: The RRC processing delay definition is re-used for NB-IoT
The NPDSCH processing can be accounted for in the RRC processing delay for NB-IoT:
Proposal 2: The NPDSCH processing delay is accounted for in the RRC processing delay value
An UL grant is scheduled at an NPDCCH occasion, i.e. there can be a delay after the RRC processing has completed, and an UL grant can be scheduled. However this is not principally different from LTE operations, where for example possible TTI alignment may be required. But the essence of the RRC processing delay requirement is when the UE can be assumed to monitor the NPDCCH, and the eNB can start scheduling an UL grant:
Proposal 3: The RRC processing delay does not need to account for a potential delay until the next NPDCCH occasion where the UL grant can be scheduled
The NB-IoT device may have a reduced processing capacity, and therefore require a longer RRC processing delay. In our view this RRC processing delay should include an NPDSCH processing delay. 

In case a longer RRC processing delay is agreed, it is good to note that a too high value leads to an increased UE power consumption, because it takes longer time to complete the required RRC signaling procedures. It is proposed to discuss the minimum acceptable values for NB-IoT:

Proposal 4: RAN2 to agree on the minimum acceptable values for the RRC processing delay in NB-IoT

4 Summary

RAN2 is kindly asked to discuss RRC processing delay requirements for NB-IoT: 

Proposal 1: The RRC processing delay definition is re-used for NB-IoT

Proposal 2: The NPDSCH processing delay is accounted for in the RRC processing delay value

Proposal 3: The RRC processing delay does not need to account for a potential delay until the next NPDCCH occasion where the UL grant can be scheduled

Proposal 4: RAN2 to agree on the minimum acceptable values for the RRC processing delay in NB-IoT
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