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1 Introduction

In RAN2#95, RRC processing delay requirements were discussed for NB-IoT [1], [2], and it was agreed to specify the delay requirements for NB-IoT UEs. In this contribution, we discuss the RRC processing delay requirements for RRC procedures for eMTC UEs.
2 Discussion
In LTE, lower layer latencies for eMTC UEs or UEs in enhanced coverage are relatively high/significant compared to “normal” category UEs in normal coverage. RRC processing delays are typically between 10 and 20 ms. The RRC processing delay in section 11.2 in TS 36.331 is defined from the end of reception of the RRC message on PDSCH until the UE is ready to receive an UL grant for the response RRC message that the UE sends in response to the prior 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).
The motivation to define a minimum UE RRC processing delay is to enable the eNB to schedule the UL grant efficiently, i.e. neither too early nor too late. If processing delay is set too large, UE power consumption will increase due to UE being in connected mode for a longer time. 

Observation 1 UE power consumption is increased if RRC processing delay is longer than what UE requires to process the RRC message.  

RRC processing can start only after the message on PDSCH is processed, and the UE can respond with ACK/NACK. If PDSCH processing can be accounted within the allowed RRC processing delay, there is no need to remodel the PDSCH processing for eMTC UEs. Trade-off between parallel and consecutive RRC and lower layer processing can be left to UE implementation: 
Proposal 1 Legacy RRC processing delay definition is used for eMTC.
PDSCH processing can be accounted for in the RRC processing delay for eMTC:

Proposal 2 PDSCH processing delay is accounted for in the RRC processing delay value.
An UL grant is scheduled at an MPDCCH occasion. There may be a delay after RRC processing has been completed, and an UL grant can be scheduled. However, this is similar to the legacy LTE procedures.
Proposal 3 RRC processing delay does not need to account for a potential delay until the next MPDCCH occasion where the UL grant can be scheduled.
The eMTC UE may have a reduced processing capacity, and therefore require a longer RRC processing delay. But this RRC processing delay should include a PDSCH processing delay. 

Considering the increase in the UE power consumption, and the observations above, there is no need to increase the RRC processing delay for eMTC UEs. 
Proposal 4 RRC processing delay is not extended for eMTC UEs.
3 Conclusion

In this contribution, we discussed the RRC processing delay requirements for RRC procedures for eMTC UEs. In section 2 we made the following observations:

Observation 1
UE power consumption is increased if RRC processing delay is longer than what UE requires to process the RRC message.


Based on the discussion in section 2 we propose the following:
Proposal 1
Legacy RRC processing delay definition is used for eMTC.
Proposal 2
PDSCH processing delay is accounted for in the RRC processing delay value.
Proposal 3
RRC processing delay does not need to account for a potential delay until the next MPDCCH occasion where the UL grant can be scheduled.
Proposal 4
RRC processing delay is not extended for eMTC UEs.
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