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1. Introduction
In RAN4 #78bis, there was a concern raised regarding the following issue: Will Rel-13 eMTC HD-FDD UEs be able to maintain frequency error requirement if they are configured with very long uplink transmissions? A similar concern was raised in Rel-13 NB-IoT discussion, and RAN1 agreed to introduce gaps during uplink transmission so that UEs can correct frequency error through downlink measurement. In RAN4 #78bis, an LS was sent out to RAN1 asking: “Is RAN1 considering introduction of a similar mechanism as used in NB-IoT for maintaining frequency and timing accuracy in eMTC” [2]. In this contribution, we discuss why such mechanism is not required for all UEs and how a UE capability signaling can be used to selectively configure uplink gaps only for those UEs which cannot maintain the frequency error requirement.
2. Discussion
2.1. Background

In Rel-13 eMTC, the period of continuous uplink transmission can be as long as 2048 sub-frames [1]. Such long uplink transmission is allowed by the spec when UE is in CE mode B. During the continuous long uplink transmission, HD-FDD UE’s transmit frequency can start drifting due to temperature variation, etc. If the frequency error exceeds beyond prescribed limits, then the uplink performance will degrade severely. Such degradation in performance is not acceptable, and will be burden on both network resources and power consumption at UE, due to need for retransmissions. Typically, a UE remains in sync with the eNodeB’s frequency by regularly monitoring downlink transmissions. However, in Rel-13 

Figure 1: Uplink frequency error as a function of continuous uplink transmit duration for various types of UEs
eMTC, there is no “gap” mechanism for the HD-FDD UE to monitor downlink during long uplink transmission, and hence there is a likelihood that a UE’s frequency can drift if it does not use alternative mechanisms to compensate the frequency error. In Figure 1, an example trajectory of the frequency error as a function of the continuous uplink transmission time is sketched.  
Observation 1: If a HD-FDD UE relies only on downlink signal to correct frequency error, then its frequency error may drift beyond prescribed limits during continuous long uplink transmission.
In Rel-13 NB-IoT too, continuous long uplink transmission is allowed to enhance coverage. Identifying the possibility of frequency error in uplink, RAN1 introduced gap mechanism for Rel-13 NB-IoT, i.e., gaps can be configured to interrupt the continuous uplink transmission, such that UEs can monitor downlink during the gaps and thus manage to check the frequency drift. On the lines of NB-IoT, in RAN4 #78bis an LS was sent out asking RAN1 “Is RAN1 considering introduction of a similar mechanism as used in NB-IoT for maintaining frequency and timing accuracy in eMTC” [2].
2.2. Gap not required for all UEs

RAN1 decision on whether an uplink gap, similar to NB-IoT, will be introduced for Rel-13 eMTC is still pending. Here, we would like to ask if such a gap is necessary for all UEs in the network.
First of all, different UE in the network will experience different uplink SNR and accordingly will require different repetition length in uplink. Thus, the duration of continuous uplink transmission for different UEs in the network will be different. Potentially, a large number of HD-FDD UEs, even those which are in CE mode B, will need to transmit with much smaller than 2048 repetitions. For such UEs, since the duration of continuous uplink transmission is not very long,  their frequency error will likely not drift beyond the prescribed limit, and  hence such UEs will not require gaps in uplink transmission to retune their frequency. Secondly, there can exist UEs in the network which can employ alternate mechanisms, like temperature compensated local oscillators, etc., to keep a check on their frequency. Again, such HD-FDD UEs will not need uplink gaps to maintain frequency error within prescribed limits. More importantly, UEs which use alternate mechanisms to keep the frequency error in check while transmitting in uplink, are aware of their own capability.
It is clear that all UEs in the network will not require gaps during uplink transmission to manage frequency error within prescribed limits. In fact, some UEs will not require uplink gaps even if they are scheduled with very long uplink repetitions, as they may use alternate mechanisms to compensate frequency error. Configuring uplink gaps for HD-FDD UEs which can maintain frequency error within prescribed limits is a wastage of network resources. Moreover, from a UE’s perspective, if the duration for which it remains ON increases due to the presence of gaps, then it’s power consumption will increase. If HD-FDD UE’s, which are capable of managing uplink frequency error. can indicate their capability to the network, then it would save both network resources as well as power consumption for the UE. 
Observation 2: Gaps during continuous uplink transmission are not required for all HD-FDD UEs in the network. In fact, HD-FDD UEs that use alternate mechanisms, i.e., mechanisms other than using downlink signal to correct frequency error, may not require gaps during continuous uplink transmission at all.
Considering the above, we propose that if RAN1 introduces gaps to interrupt the continuous uplink transmission, then such gaps should be configured based on UE’s capability, i.e., UE’s which indicate the capability of managing uplink frequency error, should not be configured with an uplink gap. 
Proposal 1:  In Rel-13 eMTC, if uplink gaps are introduced for HD-FDD UEs to manage uplink frequency error, then an associated capability bit should be introduced for UEs to indicate whether or not they need such gaps. The uplink gaps should be configured based on UE’s capability, i.e., UE’s which indicate the capability of managing uplink frequency error without gap, should not be configured with an uplink gap. 

3. Conclusion
In this contribution, we make the following observations and proposal
Observation 1: If a HD-FDD UE relies only on downlink signal to correct frequency error, then its frequency error may drift beyond prescribed limits during continuous long uplink transmission.
Observation 2: Gaps during continuous uplink transmission are not required for all HD-FDD UEs in the network. In fact, HD-FDD UEs that use alternate mechanisms, i.e., mechanisms other than using downlink signal to correct frequency error, may not require gaps during continuous uplink transmission at all.
Proposal 1:  In Rel-13 eMTC, if uplink gaps are introduced for HD-FDD UEs to manage uplink frequency error, then an associated capability bit should be introduced for UEs to indicate whether or not they need such gaps. The uplink gaps should be configured based on UE’s capability, i.e., UE’s which indicate the capability of managing uplink frequency error without gap, should not be configured with an uplink gap. 
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