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Discussion and Decision
1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. Key detailed objectives include (1) new Rel-13 low complexity UE category/type for MTC operation, (2) relative LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. In this contribution, we discuss data channel enhancement in light of complexity reduction, coverage enhancement, and power saving.

2
PDSCH

Complexity reduction

For Rel-13, further complexity and cost reduction will be considered on top of Cat-0 UE. The following additional capabilities will be specified –

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Reduced maximum transmit power.
· Reduced support for downlink transmission modes. 
Other UE processing relaxations can also be considered – e.g. reduced maximum TBS, reduced support for simultaneous reception, relaxed EVM requirement, reduced physical data channel processing, and reduced support for feedback modes.

Since the bandwidth of the MTC UE is reduced to 1.4 MHz and the MTC UE should be able to operate in any system bandwidth. This means that the data channel for MTC must be restricted to 1.4 MHz regardless of the system bandwidth. While there is no issue when the system bandwidth is also 1.4 MHz, to enable operation in wider system bandwidths, frequency multiplexing of MTC UEs within this bandwidth must be supported. In a wideband system, there is a potential for the dynamic scheduling of PDSCH (subject to the 1.4MHz bandwidth constraint) by frequency-hopping within the wider system bandwidth as shown in Figure 1. This, however, depends on the RF re-tuning time which is to be determined by RAN4. In this approach, a configured 1.4MHz band is used for the EPDCCH.
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Figure 1. Transmission outside of 1.4MHz region from (a) dynamic scheduling and (b) hopping.
There are, however, several issues associated with dynamic scheduling and hopping in addition to RF re-tuning time. First, it is expected that a DC subcarrier will be required so there might be issues with legacy PRB and interference. Second, in case of dynamic scheduling, the eNB may not have channel information regarding other hopped frequency bands. Third, channel estimation might be poor as multi-subframe channel estimation cannot be used. Fourth, the UE will not be able to receive the EPDCCH that is simultaneously sent in the configured 1.4MHz band. Therefore, PDSCH allocation outside of 1.4MHz band requires further study
Observation 1: PDSCH allocation or hopping outside of configured 1.4MHz band requires further study.
UE complexity reduction can be achieved through reducing the number of transmission modes supported. From [2], transmission mode reduction can provide between 2%-10% cost reduction compared to Cat-1 UE. A straightforward simplification is to eliminate the support of redundant transmission modes, i.e., modes already supported by other transmission modes. Eliminating DMRS-based transmission modes for PDSCH would reduce complexity. However, assuming the support of only the EPDCCH (which requires DMRS) and not PDCCH, support of DMRS-based transmission modes is still required. On the other hand, it is possible to support both control and data transmission with only DMRS-based transmission modes. Transmission modes based on CRS cannot be eliminated, however, due to the need for supporting cell-specific broadcast channels and for making cell-specific measurements. 
Proposal 1: Rel-13 low-complexity UE should support at least TM2/3/4/9.
Coverage enhancement
On the PDSCH, both repetition and PSD boosting can be used. At very low SINR, PSD boosting of the PDSCH may not provide significant gain due to poor channel estimation but can still be useful as a complementary method. Furthermore, since only QPSK modulation will likely be used for PDSCH transmission in coverage-limited scenarios, the UE does not need to know the PSD boosting level. Thus PSD boosting can be done as a network implementation. In addition to PSD boosting, TTI bundling should be the default coverage enhancement mechanism. TTI bundling size may be semi-statically configured with different bundle sizes corresponding to different coverage enhancement levels.
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Figure 2. PDSCH performance for MCS0 with 6 PRBs – 2Tx-1Rx, EPA1, no CRS boosting.

HARQ is another important feature that can be used for coverage enhancement. With HARQ, frame error rate of 10% can be used as a target. This can reduce the number of repetition substantially. For instance, results from Figure 2 show that additional 5dB is needed to target 1% FER compared to 10% FER. Additional results can be found in [7].
Observation 2: PDSCH coverage enhancement can be met using PSD boosting, TTI bundling, and HARQ.
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Figure 3. PDSCH performance with hopping for MCS0 with 6 PRBs – 2Tx-1Rx, 3dB CRS boosting.

Frequency hopping is one possible method for improving the performance of LC-MTC UE. However, there are several issues with frequency hopping – e.g. re-tuning time and channel estimation. Long re-tuning time can lead to a loss of some data symbols or the need to have transmission gaps between hops. Multi-subframe channel estimation may not be possible with frequency hopping unless slow hopping is used or hopping is always done between fixed locations. Figure 3 shows PDSCH performance with hopping but with single-subframe channel estimation as well as with no hopping and multi-subframe channel estimation. Note that there is no frequency diversity in the EPA1 channel, so the performance here illustrates performance degradation from single-subframe channel estimation. For the ETU1 channel, the gain from hopping is negated by degradation from single-subframe channel estimation. Thus, further study is needed before deciding on the benefits of frequency hopping.
3
PUSCH
Complexity reduction

Similar to the PDSCH, the PUSCH will also be confined to 1.4 MHz. In a wideband system, there is a potential for the dynamic scheduling or PUSCH hopping within the wider system bandwidth. This, however, depends on the RF re-tuning time which is to be determined by RAN4. Unlike the PDSCH, PUSCH assignment outside of the 1.4 MHz band is not as problematic. There is no issue with DC subcarrier. The main drawbacks would be the re-tuning time. Therefore, PUSCH allocation outside of 1.4MHz band requires further study. Furthermore, there may be a potential duplexing issue where fixed separation of DL and UL frequencies are needed as discussed in [6].
Observation 3: PUSCH allocation or hopping outside of configured 1.4MHz band requires further study.
Another key technique for complexity reduction is to lower the maximum transmit power of the UE. In term of cost reduction, if the PA is retained, approximately 2%-7% cost reduction can be achieved [2]. If the PA is removed, then 10%-12% cost reduction can be achieved. Reduced maximum transmit power will lead to a corresponding degradation in coverage of the uplink channels. For example, a reduction of the maximum transmit power by 3dB will require the corresponding gain from coverage enhancement. In [2], it was determined that up to 20dB coverage enhancement is feasible. For FDD, the PUSCH was shown to be the limiting channel and the number of repetition required to achieve the target is within a range of around 300-1200. Thus, the effect on coverage must be taken into account when deciding the maximum transmit power of the new UE power class.   

Observation 4: Consider effect on coverage when deciding the maximum transmit power of the new UE category.
Coverage enhancement
On the PUSCH, TTI bundling is the default coverage enhancement mechanism. This can be complemented by the use of HARQ. Figure 4 illustrates the performance of the PUSCH with various numbers of repetitions and also using various enhancement techniques. In this case, MCS0 is used with 1 PRB, equivalent to a data rate of 16 kbps. Note that the data packet includes 16 information bits and 24 CRC bits.
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Figure 4. PUSCH performance for MCS0 – 1Tx-2Rx, EPA1.
In addition, it can be seen that multi-subframe channel estimation is beneficial, especially at the very low SNR. In this case, channel estimation is done over three subframes. A gain of approximately 2 dB can be observed compared to when single-subframe channel estimation is used. In the uplink, pilot boosting is not possible. However, it may be beneficial to increase the PUSCH DMRS density.  This would provide a trade-off between improved channel estimation performance versus coding redundancy loss.  An example of this gain is shown in Figure 4 where two additional SC-FDMA symbols have been used for DMRS. In this case, the gain is approximately 1.0 dB which may be attractive enough to consider this technique further. In addition, the gain may be larger at lower SNR and other DMRS configurations may provide larger gains.

Observation 5: PUSCH coverage enhancement can be met using TTI bundling and HARQ.
Figure 4 shows that a large number of subframes would be required to meet the 15dB coverage enhancement. With further reduction in the maximum power of the UE, the required number of subframes for repetition would be increased significantly. As a result, the system capacity will be reduced significantly with large number of coverage limited UEs. To avoid this, uplink PSD boosting with smaller granularity than 1 PRB may be considered. This is shown in Figure 5 below, where up to 4 UEs are multiplexed into the same PRB, thus the capacity in coverage limited scenario is not significantly impacted.
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Figure 5. Uplink PSD boosting with smaller granularity than 1 PRB.
Figure 6 shows link-level performance using one-subframe and multi-subframe channel estimation and uplink PSD boosting with 3 REs/PRB per UE. This figure illustrate performance trade-off between PSD boosting and repetition. It is seen that there is a slight gain when uplink PSD boosting with 3 REs/PRB is used, so coverage is not significantly improved. However, capacity can be improved significantly.
Observation 6: Uplink PSD boosting with smaller granularity than 1 PRB can be used to improve capacity in coverage-limited scenarios.
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Figure 6. PUSCH performance for MCS0 – 1Tx-2Rx, EPA1.
4
Conclusion
In this contribution, we consider data channel enhancement and make the following observations and proposals –

PDSCH

Observation 1: PDSCH allocation or hopping outside of configured 1.4MHz band requires further study.
Proposal 1: Rel-13 low-complexity UE should support at least TM2/3/4/9.
Observation 2: PDSCH coverage enhancement can be met using PSD boosting, TTI bundling, and HARQ.
PUSCH
Observation 3: PUSCH allocation or hopping outside of configured 1.4MHz band requires further study.
Observation 4: Consider effect on coverage when deciding the maximum transmit power of the new UE category.
Observation 5: PUSCH coverage enhancement can be met using TTI bundling and HARQ.
Observation 6: Uplink PSD boosting with smaller granularity than 1 PRB can be used to improve capacity in coverage-limited scenarios.
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