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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Selection of NPRACH repetition level under coverage enhancement mode of operation has been identified as one of the improvement areas for NB-IoT. In this contribution we are arguing for NPRACH repetition level selection being based on 2 Tx ports when the target cell is supporting coverage enhancement.
It shall be noted that it is not expected from the UE to blindly detect the presence of a second Tx port. Rather it shall assume that 2 Tx ports are present if it receives system information on the target cell that indicates the support of enhanced coverage. 
Background
Diversity in radio propagation paths
In legacy the UE is mandated only to carry out measurements on TX port 0, with measurements on TX port 1, when present, being optional. One justification is that the legacy UE is using 2 RX branches, and hence get a diversity gain as it sees two different propagation channels from TX port 0 to RX branches 0 and 1.
With the introduction of device categories with only 1 RX branch, such as NB-IoT devices of UE cat NB1, the diversity gain is lost when conducting measurements only on TX port 0, i.e., the UE only sees one propagation path, and becomes sensitive to fading. One obvious improvement would be to regain the diversity by having the UE conducting measurements on both TX ports, when available.
Significance of reducing uncertainty


[bookmark: _Ref481395732]Figure 1: Illustration on how uncertainty in measured signal (here RSRP/IN) transfers to an uncertainty in conditions (SINR) under which the signal has been measured.

The illustration in Figure 1 shows how an uncertainty in the measured quantity transfers to an uncertainty regarding under which radio conditions the quantity was measured. Hence, a tolerance on NRSRP results in a tolerance for instance regarding the appropriate coverage enhancement level and NPRACH repetition level to select. Since only the measured quantity, and not the underlying radio conditions, is observable, it is desirable to reduce the uncertainty in the measured quantity. 
Assumed measurement approach
In order to suppress bias stemming from noise and interference, while at the same time being robust to carrier frequency offset, the NRSRP measurements are carried out by coherently averaging NRS for each respective Tx port over subframes 9 and 0. Hence over a measurement period of 800 (1600)ms there are 40 (80) non-coherently accumulated such “measurement snapshots”.
When two TX ports are measured, it is here assumed that a non-coherent average over the two ports is formed. It shall be noted that this case is not restricted by the RAN1 specifications (which is the case for measurements using two Rx branches) and thus several approaches on how to combine the information can be considered.
Discussion
Simulation results
Simulation results for NRSRP under AWGN, ETU 1Hz and EPA 1Hz propagation conditions and 50Hz carrier frequency offset are provided in Figure 2 through Figure 4, for 800 and 1600ms L1 measurement period and for measurements on one and two Tx ports, respectively.
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[bookmark: _Ref481396102]Figure 2: AWGN (a) 1 Tx port, 800ms; (b) 1 Tx port 1600ms; (c) 2 Tx ports, 800ms; (d) 2 Tx ports, 1600ms.  
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Figure 3: ETU1 (a) 1 Tx port, 800ms; (b) 1 Tx port 1600ms; (c) 2 Tx ports, 800ms; (d) 2 Tx ports, 1600ms.
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[bookmark: _Ref481396105]Figure 4: EPA1 (a) 1 Tx port, 800ms; (b) 1 Tx port 1600ms; (c) 2 Tx ports, 800ms; (d) 2 Tx ports, 1600ms.


The difference between the central 90% for measurements over one and two Tx ports are further highlighted in Figure 5 through Figure 7.
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[bookmark: _Ref481396503]Figure 5: AWGN 1600ms. 2Tx vs 1Tx.
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Figure 6: ETU1 1600ms. 2Tx vs 1Tx
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[bookmark: _Ref481396507]Figure 7: EPA1 1600ms, 2 Tx vs 1 Tx

The simulation results are consistent with what has been seen in the past in that at low SINR, the relative variance of the measured quantity converges towards the variance of the AWGN that models thermal noise and other cells unaccounted for in the simulations. Hence at low SINR, the benefit from averaging NRSRP over two TX ports is that the variance mainly of the noise gets reduced, regardless of the propagation conditions which have a lesser influence on the result.
At moderate and high SINR, it is the propagation channel that dominates. Hence for AWGN propagation conditions (a single tap static channel with randomized phase), the gain seen at low SINR is the same as seen at moderate to high SINR. However, for slowly fading channels (ETU 1Hz, EPA 1Hz), the propagation conditions become dominating, and here one finds an increased gain by averaging over two Tx ports (see for instance Figure 5) as the SINR becomes higher.
The non-coherent averaging over two Tx ports corresponds approximately to doubling the L1 measurement period for measurements on one Tx ports. Since NRS for both antenna ports are interleaved in the same OFDM symbols, non-coherent averaging over two Tx ports can be implemented nearly for free complexity wise.
Implementation of measurements using two Tx ports
From a practical point of view it is not desirable to have the UE to blindly detect whether one or two Tx ports are present. It lies in the problem that when SINR is low and it is hard to estimate an accurate NRSRP and thus NPRACH repetition level, it is also very challenging to determine whether NRS are transmitted on one or two Tx ports. However, as has been shown in demodulation simulations for NB-IoT, operation in enhanced coverage mode requires transmit diversity in the sense of using two Tx ports on the base station side; otherwise it is not possible to meet the demodulation requirements. Hence, if a UE receives system information on that a target cell is supporting CE mode enhanced coverage, it can assume that two Tx ports are supported.
The reference signals for NB-IoT are interleaved in the same OFDM symbols for the case when two Tx ports are supported, meaning that the resource elements have already been determined when carrying out the FFT for Tx port 0. This is similar to legacy LTE and (f)(e)MTC. Hence the UE can with only minor increase of complexity have parallel NRSRP estimation processes, where it assumes the following.
1. Process 1: Only TX port 0 is present
2. Process 2: TX ports 0 and 1 are present
Then depending on which system information it receives regarding support of coverage enhancement in the target cell, the UE can decide whether to base the NPRACH repetition level decision on Process 1 or 2.
How to combine the NRSRP estimates from Tx port 0 and Tx port 1 is FFS. In the simulations presented above it was assumed that the results were non-coherently combined; however other schemes are not precluded.
We put forward the following proposal.
Proposal 1: A UE supporting Rel-14 cat NB1 shall base NPRACH repetition level selection on NRSRP measured over 2 Tx ports when indicated via system information that the target cell supports coverage enhancement.
Capturing the rule in the specification
We suggest that the rule on UE Rel-14 cat NB1 basing NPRACH repetition level selection on NRSRP measured from 2 Tx ports in the Random Access section 6.6 “Random Access for UE cat NB1” of TS 36.133 [1], and further, that one or more dedicated test cases under fading propagation conditions and 2 Tx ports are introduced in the annex of TS 36.133. The reason is that repetition levels are configurable by the network, hence it is problematic to capture the specifics about which repetition level to select under which conditions in the Random Access section.
Proposal 2: 
· Introduce wording in TS 36.133 section 6.6 “Random Access for UE cat NB1” that specifies that if the target cell is using transmit diversity, NPRACH repetition level shall be based on 2 Tx ports
· Introduce one or more test cases under fading conditions that verifies that the UE selects the correct repetition level given the signalled network configuration
Summary and Conclusions
In this contribution we argue for NPRACH repetition level selection by the UE being based on 2 Tx ports when the UE is aware of the existence of two such ports. Specifically, we put forward the following proposals.
Proposal 1: A UE supporting Rel-14 cat NB1 shall base NPRACH repetition level selection on NRSRP measured over 2 Tx ports when indicated via system information that the target cell supports coverage enhancement.
Proposal 2: 
· Introduce wording in TS 36.133 section 6.6 “Random Access for UE cat NB1” that specifies that if the target cell is using transmit diversity, NPRACH repetition level shall be based on 2 Tx ports
· Introduce one or more test cases under fading conditions that verifies that the UE selects the correct repetition level given the signalled network configuration
As described in the previous section the UE shall not have to blindly detect the existence of a second Tx port.
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