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Introduction
An LS [1] was sent to RAN4 by RAN1 to ask about impact of R15 Transmit Diversity Transmission on R14 receiver. One aspect of it is about the impact on R14 RSRP measurement accuracy.
RAN1 has the following list of candidate two-port non-transparent diversity schemes:
· STBC (including half symbol STBC proposal in R1-1705002)
· SFBC
· PVS in time domain
Note: other schemes are not precluded
RAN1 would like to get feedback on the following aspects due to two-port non-transparent transmit diversity:
· Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs
· MPR for Rel-15 UEs
· Impact on MMSE MRC receivers and advanced receivers in the a) presence of one interferer (single-port transmission and two-port diversity) b) presence of multiple interferers (single-port transmission and two-port diversity)
We present in this paper our simulation result and recommend RAN4 response about this question.
Simulation Assumptions
Reference R15 TxD transmitter
The discussion on the transmitting scheme for Transmit diversity has not settled yet in RAN1. Nevertheless, if non-transparent TxD schemes are to be employed, there need to be 2 separate DMRSes, one for each Tx port. For RSRP measurement impact, what matter is the choice DMRSes and how they are multiplexed. We centre our discussion in the Subsection on these issues.
Below is the list of options for DMRS being considered in RAN1:
1. DMRSes are CDMed. The DMRS of port 0 is the the same as R14 DMRS. The DMRS of port 1 is the DMRS of port 0 cyclic shifted by half window.
2. DMRSes are CDMed. The DMRS of port 0 is the the same as R14 DMRS. The DMRS of port 1 is  the is a different DMRS, derived from the id of the DMRS of port 0.
3. DMRSes are FDMed. The DMRS of each port is a ZC sequence of half the size of the R14 DMRS sequence.
4. DMRSes are FDMed. The DMRS of each port is derived as follows: take the DMRS sequence of R14 as the reference. The odd tones will be the DMRS tones for port 0 while the even tones will be the DMRS tones for port 1.
The option 2 and 3 have the obvious problem that the transmitted DMRS sequences are not orthogonal expected from the R14 receiver point of view. Hence, we consider only option 1 and 4 in this contribution 
Reference R14 Receiver
The impact on the R14 RSRP measurement error also depend on the reference RSRP measurement algorithms. To study tThe degradation of R15 TxD transmission on RSRP measurement due to R15 TxD transmissions, should be considered aswe should consider the worst case for among all possible valid R14 algorithms, i.e. algorithms that meet the current R14 RSRP measurement requirement.
In particular, we consider two possible UE implementations
1. Strongest tap based windowing:
a. The UE descramble the receive reference symbol with the known DMRS sequence to get the frequency channel response.
b. The frequency channel response is iffted to get the channel impulse in time domain.
c. The window is centred at the position of the strongest tap
2. Centre of mass (COM) based windowing:
a. The UE descramble the receive reference symbol with the known DMRS sequence to get the frequency channel response.
b. The frequency channel response is iffted to get the channel impulse in time domain.
c. Consider the absolute value of the taps as weights, the centre of mass is defined as taking the weighted average of the pulse index.
d. The window is centred at the closest rounded value of the centre of mass. 
We will show below that both implementations are valid algorithms. However, one implementation suffers more from R15 TxD than the other.
Simulation Result
R14 Transmission-R14 RSRP
We present in this section the simulation result for RSRP measurement when the transmitted signal is the R14 signal. For the purpose of replying RAN1 LS, the considered channel is the SCM channel. Nevertheless, we expect similar result for all types of 3GPP fading model.
In figure 1 is the measurement distribution when the SNR is very high, i.e. 20dBc. The error spread is small, as expected, but there is also a negative bias. The reason for this bias is due to the combination combined effect of imperfect CFO estimation and the fact that the physical taps may not be placed at the sampled tap. This causes leakage out of the denoise window. By making the window bigger, one can reduce this bias or even eliminate it by not doing any windowing at all. However, the side effect of doing so is that the measurement at lower SNR will suffer. 
The window size is hence calibrated such that the baseband measurement error allowance of +/- 2.5dB is met. The results in figure 2 reflect this fact.
The key observation in this section is that both implementations considered in this paper is a are valid implementation in the sense that the measurement error is met. Indeed, the COM based windowing algorithm provide slightly better measurement result. The key reason is that the COM works better with channel with large delay spread (so the COM is place at the centre position of the taps), while the strongest tap windowing can place the window centre at a more skewed position. We do not see large difference here in RSRP measurement because even while the window is a bit off, the missing taps are usually the weak ones, their contribution in terms of energy is not that much. The difference between the two implementations can only be seen clearly for the case of high modulation order (where channel estimation quality is high) and wide bandwidth signal (where there are more tap resolution). So, the centre of mass windowing can be seen as an optimization over the strongest tap windowing algorithm in the sense that the all the processing of the first strongest tap algorithm is carried out and the centre of mass is calculated in order to capture all the taps in the window without having to use a too big window. We do not see large difference here in RSRP measurement because even while the window is a bit off, the missing taps are usually the weak ones and their contribution in terms of energy is not that much.
Observation 1: Both COM based windowing and first strongest tap windowing are valid R14 RSRP measurement implementation.
Observation 2: COM based windowing provide better RSRP measurement result when the transmitted signal is a R14 signal. This is expected since COM based windowing is the optimized version of the strongest tap windowing.
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Figure 1. RSRP performance for SNR = 20dB
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Figure 2 RSRP performance for lower SNRs
R15 TxD Transmission-R14 RSRP
CDMed DMRS
We first consider the case where DMRS of the two transmission ports are CDMed. Again, we will show results for 2 cases, one is with very high SNR, the other is with lower SNR points of -3, 0 and 3dB usually considered in RAN4 simulations.
The high SNR evaluation is presented in figure 3. The result for first strongest tap based windowing is biased by around -1.8dB and have a spread of +/-1dB. The bias and the spread can be explained as follows. If the channel is AWGN, the bias should be exactly a bit more than -3dB since there will be two peaks with exactly the same energy in the channel impulse and the window will be centred at one of the peaks. For fading channel, the energy on the two strong taps is not equal. The window will always centre at the stronger tap, or in the other word, the RSRP is always measured for the antenna port with stronger energy. So the measurement error here is mostly dictated by the distribution of the fading imbalance distribution between the two antenna ports. For COM based windowing, the COM will be placed in the middle of the two taps, which will be completely thrown off from the channel real taps. So in the end, what is measured is just noise. That’s why we see that the measurement error is proportioned the SNR.
We now move to the lower SNR case, which is presented in figure 4. We can see that the result for such low SNRs hide the fact that the RSRP measurement performance is completely corrupted for COM windowing algorithm. Indeed, it does not real reveal the fact the measurement error is unbounded and increases linearly with the input SNR.  
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Figure 3. RSRP performance for SNR = 20dB
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Figure 4. RSRP performance for lower SNRs
FDMed DMRS
We now consider the case where the DMRS from the two ports are FDMed. The simulation results (Figure 5 and 6) here are similar to the CDMed case. The performance of COM based windowing is completely corrupted in the sense that the measurement error is unbounded and increases linearly with input SNR.  
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Figure 5. RSRP performance for SNR = 20 dB
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Figure 6. RSRP performance for lower SNR

Observation 3: for both options of R15 DMRS design, the RSRP measurement error of COM based windowing is catastrophic. The degradation is unbounded and increases with input SNR
Observation 4: for both options of R15 DMRS design, the RSRP measurement error of first strongest tap based windowing can be capped by adding 3dB more to the current requirement.
Proposed RAN4 Response 
From the simulation result, we can see that at R15 non-transparent TxD transmissions cause degradation to R14 RSRP measurement performance. In particular, the degradation is capped at 3dB difference with the strongest tap based windowing algorithm, while it linearly increases with SNR level for the centre of mass based algorithm.
Note that the RSRP measurement is used for resource selection/reselection. In other words, this feature is important for controlling the interference from the UE to other UEs, rather than improving the Rx performance of itself. Thus, UE implementers have no motivation to design a robust algorithm that works under different assumptions of the transmitting transmitted signal; as long as the it can meet the standard conformance test. In this respect, simulation results show that the centre of mass algorithm provide a slightly better measurement result, thus providing some advantage in passing the R14 RSRP test. 
For this reason, in defining the degradation, one has to consider the worst-case scenario over all valid R14 implementations. Based on the provided results, the response to RAN1 LS has toshould be that the degradation increases linearly with input SNR.
Proposal: RAN4 answers to RAN1 that the degradation impact of R15 TxD on R14 RSRP measurement is unbounded. It increases linearly with the input SNR. 
Conclusions
Observation 1: Both COM based windowing and first strongest tap windowing are valid R14 RSRP measurement implementation.
Observation 2: COM based windowing provide better RSRP measurement result when the transmitted signal is a R14 signal. This is expected since COM based windowing is the optimized version of the strongest tap windowing.
Observation 3: for both options of R15 DMRS design, the RSRP measurement error of COM based windowing is catastrophic. The degradation is unbounded and increases with input SNR
Observation 4: for both options of R15 DMRS design, the RSRP measurement error of first strongest tap based windowing can be capped by adding 3dB more to the current requirement.
Proposal: RAN4 answers to RAN1 that the degradation impact of R15 TxD on R14 RSRP measurement is unbounded. It increases linearly with the input SNR. 
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