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Discussion and Decision
1
Introduction
In RAN1#80, it was agreed that for PDSCH repetition or TTI bundling, the following techniques will be supported – multi-subframe channel estimation and frequency hopping. Other techniques were FFS. In this contribution, we consider the performance with residual frequency error of 100Hz and present performance results for PDSCH in coverage enhancement. We also consider whether additional techniques are needed.
2
PDSCH Performance

In [1], link simulation aspects for MTC were summarized. For the PDSCH, it was noted that the following aspects can be considered for coverage enhancement – impact of a residual frequency error (e.g. 0 Hz and +100 Hz) on required number of repetitions, potential gains from increased RS density (including potential RS preamble), potential gains from RS power boosting, and potential gains from combined use of CRS and DMRS. In [2], it was shown that with 100Hz residual frequency error, only two subframes can be used for multi-subframe channel estimation.
Figure 1 - Figure 4 illustrate link-level performance of the PDSCH with TTI bundling for a 10MHz FDD system with 2Tx-1Rx and 100Hz residual frequency error. The PDSCH is transmitted using 6 PRBs with frequency hopping over the system BW. Multi-subframe channel estimation is used with channel estimation filter length of 2 subframes. The target BLER is 10%.
Table 1 summarizes the approximate number of required repetitions to reach 10% BLER. Two additional techniques have been considered – CRS boosting alone and CRS+PDSCH boosting. For the PDSCH, it is seen that CRS boosting can be effectively used to lower the number of required repetitions. Boosting of the PDSCH can also improve performance significantly. Since only QPSK modulation will be used for PDSCH transmission in coverage-limited scenarios, the UE does not need to know the PSD boosting level. 
Table 1. Approximate number of required repetitions for various techniques (10% BLER, EPA 1 Hz, 100Hz residual frequency error, 2Tx-1Rx).
	Target MCL (dB)
	Required Repetitions

	
	2Tx – 1Rx

	
	Multi-SF Ch. Est (2SF) + Freq Hopping
	Multi -SF Ch. Est (2SF) + Freq Hopping + 3dB CRS Boosting
	Multi -SF Ch. Est (2SF) + Freq Hopping + 6dB CRS Boosting
	Multi -SF Ch. Est (2SF) + Freq Hopping + 3dB PDSCH+CRS Boosting

	143.7
	3
	3
	2
	2

	149.7
	16
	12
	10
	8

	155.7
	140
	80
	64
	40


Based on the results shown, it can be observed that cross-subframe channel estimation and PSD boosting can be used to reduce the number of required repetitions. PSD boosting is already supported as part of implementation although the power control dynamic range is limited (e.g. up to 3dB for PDSCH when QPSK or 16-QAM is used). Thus, it might be beneficial to consider whether the range can be expanded. Note that, in this case PDSCH PSD boosting is done by nulling out other PRBs not used for LC-MTC UEs. Thus, there is a loss in capacity for this technique. 
Observation: CRS and PDSCH PSD boosting can reduce the number of required repetitions significantly.
Additional techniques may also be considered for PDSCH coverage enhancement such as increasing reference signal density, combining DMRS+CRS, CDMA-based transmission, or shorten CRC. Table 2 shows results from using DMRS+CRS (see also Figure 5). In this case, both reference signals were boosted by 3dB. It is seen from the table that DMRS+CRS can improve performance, although in this case, the performance is the same as if the CRS was boosted by 6 dB.
Table 2. Performance of DMRS+CRS (10% BLER, EPA 1 Hz, 100Hz residual frequency error, 2Tx-1Rx).
	Target MCL (dB)
	Required Repetitions

	
	2Tx – 1Rx

	
	Multi -SF Ch. Est (2SF) + Freq Hopping + DMRS+CRS (3dB Boosting)

	143.7
	2

	149.7
	10

	155.7
	64


Results from Table 2 show that increasing the reference signal density has similar effects as power boosting. Thus, this is one technique that can be considered in case of limited ability to power boost the reference signals. The expected improvement from other techniques such as CDMA-based transmission or shorten CRC is expected to be small and therefore not worth the standardization effort and increased complexity.
Proposal: For PDSCH, PSD boosting can be used to reduce the number of required repetitions. Consider additional reference signals if PSD boosting is limited.
3
Conclusion
In this contribution, we provide PDSCH performance results for Rel-13 LC-MTC UE with 100Hz residual frequency error. These results show that PSD boosting can reduce the number of required repetitions significantly. Additional reference signal can also reduce the number of required repetitions significantly. The following observation and proposal are made –
Observation: CRS and PDSCH PSD boosting can reduce the number of required repetitions significantly.
Proposal: For PDSCH, PSD boosting can be used to reduce the number of required repetitions. Consider additional reference signals if PSD boosting is limited.
4
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Figure 1. PDSCH - MCS5, 2Tx-1Rx, EPA1, 2SF ChanEst, no CRS boosting.
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Figure 2. PDSCH - MCS5, 2Tx-1Rx, EPA1, 2SF ChanEst, 3 dB CRS boosting.
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Figure 3. PDSCH - MCS5, 2Tx-1Rx, EPA1, 2SF ChanEst, 3dB PDSCH+CRS boosting.
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Figure 4. PDSCH - MCS5, 2Tx-1Rx, EPA1, 2SF ChanEst, 6 dB CRS boosting. [image: image5.emf]-18 -16 -14 -12 -10 -8 -6 -4 -2 0 2
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Figure 5. PDSCH - MCS5, 2Tx-1Rx, EPA1, 2SF ChanEst, 3dB DMRS+CRS boosting.
