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Introduction
At RAN1#91 a discussion started on the need for introducing early quality signalling from a NB-IoT UE to the network. In this paper we give our view on this topic and propose to introduce idle mode NRSRQ reporting in Msg3 for NB-IoT Release 14. 
Discussion
Motivation for downlink quality reporting
In NB-IoT the NPRACH CE level configuration, and the UE idle mode CE selection upon accessing a system has a primary and a secondary purpose:
1. The primary purpose is to support the configuration of a suitable number of NPRACH repetitions to allow a UE to access the system even in the most extreme radio conditions.
2. The secondary purpose is to allow the UE to indicate to the eNB its experienced coupling loss with a granularity set by the CE level configurations. 
The coupling loss indication gives in the ideal case of an interference free system a good indication of the UE experienced DL SNR. This is important for the eNB to perform adequate link adaptation of the NPDCCHs and NPDSCHs. 
In reality NB-IoT devices can be expected to be exposed to high DL interference levels. This is a natural consequence of the desire to operate the system at high spectral efficiency levels. It was also the reason that triggered 3GPP to introduced downlink symbol level scrambling in Rel-13 and -14. Yet a consequence of this is that the actual DL SINR levels become decoupled from the coupling loss indicated by the UE at CE level selection. This calls for new functionality that allows the UE to report the actual DL radio quality to the eNB.
Observation 1: Coupling loss in loaded and interfered networks is decoupled from DL SINR. This calls for new higher layer signalling of the experienced DL radio quality.
Motivation for early downlink quality reporting
For NB-IoT it is expected that short UL data transmission is a frequent and an important use case. UL data can be transmitted already in Msg5 which implies that the DL radio quality reporting needs to be signalled early. Quality reporting in Msg3 allows the eNB to optimize the downlink adaptation for the NPDCCH control signalling giving an assignment for Msg4 and a grant for Msg5. It also supports improved link adaptation for the Msg4 NPDSCH transmission.
Observation 2: Early downlink quality reporting is important to support efficient link adaptation for short lived connections.
The below figure illustrates the NPDCCH performance when transmitting DCI format N0 for the case of standalone mode of operation. While a single repetition is transmitted over 1 subframe, 128 repetitions requires 128 subframes. Based on these results the gains from knowing the downlink radio quality is obvious. Its also important to note that the penalty of inaccurate link adaptation is increasing with decreasing SNR.
Observation 3: Accurate downlink quality reporting is of special importance for the low SNR range.
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Figure 1 NPDCCH performance in standalone mode for aggregation level 2 and 1 NRS port. 164 dB coupling loss corresponds to -4.5 dB SNR.
Proposal 1: Downlink quality reporting should be introduced in Msg3 to support.
Available link quality metrics
During the RA procedure and at the time of Msg3 transmission a NB-IoT UE is in idle mode. If link quality reporting is to be introduced in Rel-14 the only available radio quality metric is NRSRQ. We therefore propose to specify Msg3 radio link quality reporting using NRSRQ. 
Proposal 2: NB-IoT Rel-14 downlink quality reporting should be based on NRSRQ.
NRSRQ reporting range
NRSRQ is defined as NRSRP divided by NRSSI (see TS 36.214). NRSRP is defined as the NRS power on a single resource element while NRSSI is defined as the average power of a full OFDM symbol, measured and average over a full subframe. 
Due to the NRSSI definition NRSRQ becomes dependent not only on the own system traffic load, but also in the case of an inband deployment on the LTE control signalling and number of CRS ports. 
In the following we study the NRSRQ range for the following 4 scenarios:
1. A fully loaded system with all REs occupied.
2. A inband deployment with no traffic load, but with 2 NRS ports, 2 CRS ports, 3 symbol LTE control region.
3. A inband deployment with no traffic load, but with 2 NRS ports, 2 CRS ports, 3 symbol LTE control region and 6 dB power boosting of the NRSs.
4. A standalone deployment with no traffic load, but with 1 NRS port.
The configuration corresponding to Scenarios 2 and 3 is illustrated in the below figure. 


Figure 2 RE mapping for NB-IoT operating inband with 2 NRS ports, 2 CRS ports, 3 symbol LTE control region configured. 
Under the assumption of no NB-IoT traffic, and that at most 2 CRS ports are configured, NRSRQ can for a device with 180 kHz RX bandwidth and a NF of 5 dB, giving rise to -127 dBm noise power over 15 kHz, be calculated as: 
 
Where 
· nrsPorts is the number of configured NRS antenna ports,
· crsPorts is the number of configured CRS antenna ports,
· lteCntrlSymb is the number of configured LTE control region symbols, 
· powBoost is the NB-IoT power boosting, and,
· SNR is the signal to noise ratio. 
Based on this definition we can present the NRSRQ to SINR dependency for the scenarios 1-4 as shown in the below figure. 
It should here be noted that the DL SINR corresponding to -12.5 dB can be said to correspond to 164 dB coupling loss for an inband deployment with 35 dBm/180 kHz eNB power and a UE NF of 5 dB. With this in mind it is clear that the interesting NRSRQ range spans the range +2.5 dB to -25 dB.
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Figure 3 SINR-NRSRQ relation depicted in four scenarios.
Observation 3: NRSRQ is dependent on various factors such as load, NRS ports, CRS ports, LTE control region size. For the four studied scenarios the relevant range span -25 dB to +2.5 dB. 
Proposal 3: NB-IoT Rel-14 downlink quality reporting should be span a range -25 dB to +2.5 dB.
Based on these observations and proposals it is proposed to send a LS to RAN2 and RAN4 stating proposals 1, 2, 3.
Proposal 4: Send a LS to RAN2 and RAN4 asking them to introduce NRSRQ signalling in Msg3 where the NRSRQ reporting range spans -25 dB to +2.5 dB.
Conclusion
In this paper we observe and propose the following:
Observation 1: Coupling loss in loaded and interfered networks is decoupled from DL SINR. This calls for new higher layer signalling of the actually experienced DL radio quality.
Observation 2: Early downlink quality reporting is important to support efficient link adaptation for short lived connections.
Observation 3: Accurate downlink quality reporting is of special importance for the low SNR range.
Observation 4: NRSRQ is dependent on various factors such as load, NRS ports, CRS ports, LTE control region size. For the four studied scenarios the relevant range span -25 dB to +2.5 dB. 
Proposal 1: Downlink quality reporting should be introduced in Msg3 to support.
Proposal 2: NB-IoT Rel-14 downlink quality reporting should be based on NRSRQ.
Proposal 3: NB-IoT Rel-14 downlink quality reporting should be span a range -25 dB to +2.5 dB.
Proposal 4: Send a LS to RAN2 and RAN4 asking them to introduce NRSRQ signalling in Msg3 where the NRSRQ reporting range spans -25 dB to +2.5 dB.
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