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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Selection of PRACH repetition level under CE has been identified as one area where improvements under the feMTC WI are desirable. A WF on this theme was agreed at RAN4#82bis [1].
In this contribution we are investigating the diversity gains that come from carrying out RSRP measurements over 2 TX ports, when available.
Based on the results we are proposing that for PRACH repetition level selection, if the cell is supporting CE mode B and is transmitting CRS on multiple Tx ports, the UE shall base the PRACH repetition level selection on measurements on Tx ports 0 and 1. 
Background
Diversity in 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, 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.  
RSRP and RSRQ Measurement approach
The legacy requirements on measurement accuracy in static (AWGN) conditions can be met by coherently averaging 8 CRSs, estimating the power, and then averaging the power estimates non-coherently over 2x5 subframes. The coherent averaging reduces the bias and the non-coherent averaging reduces the variance of the RSRP estimate. The increase in SINR achieved by the coherent averaging is 3dB for every doubling of the number of coherently averaged CRSs. Hence when deriving the legacy requirements an SINR increase of 9dB compared to estimating RSRP on a single RE was achieved, allowing measurement accuracy requirements to be fulfilled at least down to Ês/Iot -6dB.
To be able to accurately support enhanced coverage down to Ês/Iot -15dB, the coherent averaging needs to include more REs carrying CRS. Using all CRSs in two adjacent subframes provides 96 CRSs, i.e., a further improvement of SINR of 10.8dB, allowing requirements to be fulfilled for Ês/Iot -15dB. However, in practice with non-zero CFO the improvement of SINR will be less than theoretically achievable. Thus simulations are needed to investigate the measurement performance over the range of Ês/Iot to be supported.
The two sizes of coherent averages, legacy versus f/eMTC are shown in Figure 1. 


[bookmark: _Ref416707870]Figure 1: Illustration of (left) coherent averaging based on 8 CRSs and (right) on 96 CRSs. The former can increase the SINR by 9dB and the latter by 19.8 dB compared to estimating RSRP on a single RE.

Simulations
Simulations have been carried out using coherent averaging over 96 CRSs (averaging over 2 subframes in time and 6 RBs in frequency). Such snapshots have then been averaged non-coherently over 800ms. In order to investigate different cases of stationary conditions, simulations were carried out for AWGN, ETU 1Hz, EPA 1Hz, ETU 30Hz and EPA 5Hz. The simulation parameters are shown in Table 1.
[bookmark: _Ref481755122]Table 1: Simulation parameters for feMTC studies on estimating RSRP using 1 or 2 Tx ports

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 RBs
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]L1 measurement period
	800 ms
	Focusing on lower SINR range mainly

	Measurement sampling rate
	40ms

	

	Consecutive subframes used
	2
	

	L3 filtering
	Disabled
	

	Transmit antennas
	1 and 2
	Comparative study of using 1 or 2 Tx ports

	Receive antennas
	1 
	Single Rx branch

	Propagation conditions
	AWGN, ETU 1Hz, EPA 1Hz, ETU 30Hz, EPA 5Hz
	

	Measured TX ports
	1, 2
	Analysis of diversity gain

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Residual CFO
	50Hz
	



Discussions
Impact of measurement tolerance on repetition level mapping  



[bookmark: _Ref481754915]Figure 2: 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 2 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 RSRP results in a tolerance for instance regarding the appropriate coverage enhancement level and PRACH 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. 
Simulation results, Diversity gain
The simulation results for the propagation scenarios laid out above are shown below in Figure 3 through Figure 7.
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[bookmark: _Ref473903805]Figure 3: AWGN propagation conditions, 1 TX (left) and 2 TX (right)
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Figure 4: ETU 1Hz propagation condition, 1 TX (left) and 2 TX (right)
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Figure 5: EPA 1Hz propagation condition, 1 TX (left) and 2 TX (right)
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Figure 6: ETU 30Hz propagation condition, 1 TX (left) and 2 TX (right)
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[bookmark: _Ref473903806]Figure 7: EPA 5Hz propagation condition, 1 TX (left) and 2 TX (right)

Observations:
· Particularly for slowly fading channels there is a significant reduction (1-2dB) each of the 5th and 95th percentiles around the median when 2 Tx ports are used instead of a single one, i.e., the spread is reduced.
· The bias remains essentially unaffected, which can be expected since coherent averaging over the Tx branches has been carried out for the 2Tx scenario.
Based on the observations it is proposed that for PRACH repetition level selection, UEs of categories with single Rx branch shall be mandated to conduct measurements on two Tx ports when present, as this is a simple way to reinstate the similar kind of diversity as experienced by legacy UEs. The most suitable combination scheme for measurements from 2 Tx ports is FFS. The UE shall not detect the presence of 2 Tx ports, but shall use information on the target cell as received in system information.
Proposal 1: 
· UEs of categories with single Rx branch shall be mandated to conduct measurements on two Tx ports when present, as indicated by system information, when determining the PRACH repetition level, as this is a simple way to reinstate the similar kind of diversity as experienced by legacy UEs
· The most suitable combination scheme for measurements from 2 Tx ports is FFS 
· The UE shall not detect the presence of 2 Tx ports, but shall rely on system information received about the target cell
Note:
It shall be noted that carrying out parallel measurements assuming the two cases: 
1. Only Tx port 1 available
2. Both Tx ports 1 and 2 available
is adding a negligible increase in complexity compared to assuming only one Tx port being present. The reason is that reference signals from both Tx ports are available in the same OFDM symbols. Hence there is no need to carry out additional FFTs compared to measurements on single Tx port. Hence it is only de-rotation of QPSK reference signals and one additional filtering operation that is needed in order to support both options in parallel. Once the UE gets to know from system information regarding the target cell, it can decide whether to base the PRACH repetition level selections on RSRP measurements on a single or on two Tx ports.   
Capturing the rule in the specification
We suggest that the rule for feMTC devices on basing PRACH repetition level selection on RSRP measured from 2 Tx ports in the Random Access section 6.2.3 “Requirements for Cat-M1 UEs” 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. 
Proposal 2: 
· Introduce wording in TS 36.133 section 6.2.3 “Requirements for Cat-M1 UEs” that specifies that if the target cell is using transmit diversity, PRACH 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 have shown that there are diversity gains from conducting measurements over 2 Tx ports, when available. These diversity gains may be used for improving the PRACH repetition level selection by reducing the spread of the RSRP estimates.
We made the following observations and have the following proposal.
Observations:
· Particularly for slowly fading channels there is a significant reduction (1-2dB) each of the 5th and 95th percentiles around the median when 2 Tx ports are used instead of a single one, i.e., the spread is reduced.
· The bias remains essentially unaffected, which can be expected since coherent averaging over the Tx branches has been carried out for the 2 Tx scenario.
Proposal 1: 
· UEs of categories with single Rx branch shall be mandated to conduct measurements on two Tx ports when present, as indicated by system information, when determining the PRACH repetition level, as this is a simple way to reinstate the similar kind of diversity as experienced by legacy UEs
· The most suitable combination scheme for measurements from 2 Tx ports is FFS 
· The UE shall not detect the presence of 2 Tx ports, but shall rely on system information received about the target cell
Proposal 2: 
· Introduce wording in TS 36.133 section 6.2.3 “Requirements for Cat-M1 UEs” that specifies that if the target cell is using transmit diversity, PRACH 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 pointed out, at a negligible complexity increase the UE can postpone the decision on whether to base the PRACH repetition level selection on one or two TX ports until it has received system information. Hence, no blind detection of whether one or two ports are present shall be conducted.
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