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1 Introduction

In RAN1 #72 meeting, a technique-to-channel/signals mapping table was approved in [1] and possible solutions were addressed in this table. In order to compare the evaluation results, simulation assumptions on data channel were agreed in [2]. In this contribution, PDSCH/PUSCH channel and reference signals are discussed and evaluation results are provided. In addition, spectral efficiency is also analyzed. A text proposal on PDSCH/PUSCH coverage improvement is attached.
2 Discussion

2.1 Techniques analysis on PDSCH/PUSCH and reference signals
According to MCL table for reference UE (category 1 UE at the data rate of 20 kbps) in TR36.888, PDSCH and PUSCH need 15.3dB and 20dB to boost coverage and the corresponding minimum required SINRs are -19.3dB and -24.3dB, respectively. The potential solutions to boost PDSCH/PUSCH coverage mainly are PSD boosting, design new channels/signals, repetitions/TTI bundling, low rate coding, retransmission, spreading and RLC segmentation. From a system perspective, all these solutions share the same view of improving received SINR either by prolonging transmission time or boosting transmit power, so cell spectrum efficiency will be degraded whatever solution is used. Additionally, note that traffic model for MTC requires “Report (Uplink) could be ~100 bytes with latency of 3-5 seconds from event at the WAN module”, the latency of uplink transmission needs to meet this requirement.
2.1.1 PDSCH and CRS 
Repetitions/ Retransmission/ TTI bundling: Basically repetitions, retransmission or TTI bundling will increase received power consumption due to prolonged transmission time. Minimum specification impact and no increased costs are expected. Compared to retransmission, repetition could boost PDSCH coverage without ACK/NACK feedback. Another way is to introduce extend current TTI bundling beyond four transmissions for downlink data channel. Retransmission could use dynamic PDSCH resources as it can stop transmitting when eNB has correctly received the block, but latency and PUCCH resources overhead would significantly increase as PUCCH still needs to be improved at extreme scenarios.
Figure 1 provides simulation results on PDSCH based on the simulation assumptions in the appendix. The solid curve shows the performance of 55 repetitions with the same redundancy version (RV) and dashed one shows the performance of 55 repetitions with different RV. As expected, repetition with the different RV does not provide more incremental redundancy gains since the code rate is much lower than 1/3. 
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Figure 1. Simulation results on repetition for PDSCH.
PSD boosting: eNB could concentrate more power on reference signals or limited PRB pairs for MTC UEs, but at the cost of increasing neighbor cell interference and bringing scheduling limitation for eNB. ICIC could be optionally considered to resolve the interference issues arising from PSD boosting. PSD boosting is helpful to lower UE’s power consumption because the amount of repetition or TTI bundling could be reduced. It seems no impact on cost and specification. In theory, if eNB concentrates all power to X PRB pairs, the maximum power boosting gain could be 
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dB with 10MHz bandwidth (50PRBs). However, for CRS-based demodulation, the maximum gain may not be achieved because CRS across system bandwidth still needs power to be transmitted. With DMRS demodulation, large power dynamic range across adjacent subcarriers would increase out-of-band emissions that will result in interference to neighboring subcarriers or neighboring bands. Moreover, large power variation between subcarriers may deteriorate transmit EVM. In order to avoid serious interference, eNB needs to carefully select the scheduled PRBs and the extent of PSD boosting. Note that PDSCH needs to compensate 15.3dB, PSD boosting alone could not reach PDSCH coverage requirement when bandwidth is small (i.e., 1.4M, 3M, 5M), but it can be considered as a complement to combine with other techniques without specification impact or implementation cost. Combining repetition/TTI bundling or retransmission and PSD boosting is a better approach to achieve the coverage target.
CRS power boosting could improve the performance of channel estimation, which is helpful to reduce the amount of repetitions. Figure 2 provides simulation results on 3dB CRS power boosting and 6dB power boosting, other simulation assumptions are the same as Figure 1. It can be seen the gain of 3dB power boosting and 6dB power boosting are about 1.1dB and 1.8dB, respectively. 
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Figure 2. Simulation results on CRS power boosting and CRS density increasing for PDSCH
Low rate coding, spreading, RLC segmentation, design new channels/signals: Other solutions like very low rate coding, lower modulation order (BPSK), time domain spreading or RLC segmentation share similar concept of time domain prolonging to accumulate received signal energy. The impact of power consumption and cost are also similar to repetition or TTI bundling. Some specification modifications can be expected. For example, a new modulation and TBS index is needed in MCS table if BPSK is introduced, optimization or simplification of the RLC/MAC header may be required in RAN2, etc..
Regarding new signals, such as increasing CRS density, it shares the same motivation of improving channel estimation performance. Compared to CRS power boosting, it can be seen from Figure 2 that increasing CRS density performs worse than CRS power boosting as a higher density increases the code rate. Furthermore, increasing the CRS density would cause much specification modifications. Therefore, it seems CRS power boosting is a more attractive approach for improving channel estimation.
Proposal 1: PDSCH can use PSD boosting combined with repetition/TTI bundling or retransmission to achieve the coverage target. 

Observation 1: For downlink, CRS power boosting is more helpful to improve channel estimation than increasing CRS density.
2.1.2 PUSCH and DMRS
Repetitions/TTI bundling/Retransmission: Similar to PDSCH, repetition or extending TTI bundling could boost PUSCH coverage. Retransmission could also solve coverage problem, but at the cost of downlink control channel resources and latency, either by PHICH or (E) PDCCH. The impact on cost and power consumption is also similar to PDSCH. Noted that the minimum required SINR (-24.3dB) for PUSCH is obtained by 2PRBs transmission in MCL table in TR36.888, if the MTC UE boosts power from 2PRBs to 1PRB, a 3dB PSD boosting gain can be obtained. Figure 3 provides simulation results on PUSCH, and detailed simulation assumptions are shown in the appendix. It can be seen less repetitions are needed compared 1 PRB transmission to 2PRBs transmission due to the better performance of channel estimation. 
Note that exception report requires transmitting 100 bytes within 5 seconds latency, if TBS is set as 20 with 1PRB transmission, a total of 40 blocks are needed. Thus, the maximum amount of transmission for each block will be limited to 125. In the same way, if TBS is set as 104, the maximum amount of transmission is increased to 650. From Figure 3, it can be seen that the amount of repetitions with TBS equaling 20 exceeds the required maximum number of transmission. However, when TBS becomes 104, it could meet the latency requirement although the amount of repetitions for each block is increased. The possible reasons might be higher code rate improves spectral efficiency and turbo coding brings extra coding gains for larger TBS. Therefore the selection of TBS needs to consider spectral efficiency and the performance of channel coding when latency is required. 
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Figure 3. Simulation results on different TBS for PUSCH 
PSD boosting: MTC UE could concentrate all power on the minimum PRB (e.g., 1 PRB) or even the minimum subcarrier (e.g., 1 subcarrier), which would improve required SINR. An advantage of this approach is to allow more UEs to transmit simultaneously. However, when less PRB or subcarrier is selected and very low MCS is chosen, TBS will be very low which might result in channel coding performance loss and lower spectral efficiency. Thus, eNB or UE needs to carefully select TBS when latency is required. 
Low rate coding, spreading, RLC segmentation, design new channels/signals: Similar to PDSCH, other solutions like lower modulation order (BPSK), time domain spreading and RLC segmentation could boost coverage. The impact of power consumption, cost and specification impact are also similar to PDSCH. 
In exception report, note that 3~5ms latency includes not only PUSCH transmission but also random access, it is worth considering increasing uplink DMRS density to further improve channel estimation. Figure 4 shows the results of increasing DMRS density. It can be seen that although the overhead of DMRS is doubled, the amount of repetitions decreased greatly.
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Figure 4. Simulation results on DMRS density increasing 
Proposal 2: PUSCH can use PSD boosting combined with repetition/TTI bundling or retransmission to achieve the coverage target. 
Observation 2: The selection of TBS needs to consider spectral efficiency and the performance of channel coding when latency is required.
Observation 3: It is worth considering increasing uplink DMRS density to improve channel estimation.
2.2 Spectral efficiency analysis
It was proposed in [3] that the study should identify techniques for coverage improvement along with analysis of the impact to system spectral efficiency, considering that a relatively small proportion of traffic requires coverage improvement and that traffic can be scheduled at quiet times [4], where quiet times could be deemed as a specific period when most normal LTE UEs would not be served. 
In the last meeting, the concepts for coverage improvement solutions and a technique-to-channel/signals mapping table were approved [1][5]. Based on analyzing the concepts for boosting coverage, it is expected that some solutions, such as repetition, TTI bundling would lead to spectral efficiency degradation. However, the extent of spectral efficiency degradation is different depending on which solution is used. Take PUSCH repetition as an example, we use the PUSCH simulation results in section 2.1 as reference to analyze the degradation of spectral efficiency.
Assuming the UL report size for MTC UEs is 1000 bits and TBS is set as 20bits for each transmission, coverage limited MTC UEs require 11s (
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) coverage limited MTC UEs can be supported within five-minute quiet time. Considering iBLER target is 0.1, which means 90% reports are correctly received in the initial transmission. So the maximum normal MTC UEs and coverage limited MTC UEs might be 540k (
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), respectively. In the same way, if TBS is set as 104, the maximum normal MTC UEs and coverage limited MTC UEs are 2808k and 5k, respectively. 
Table 1 shows the spectral efficiency degradations with different percentages of coverage limited MTC UEs. Assuming that about 
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 transmissions, 20dB of coverage improvement would need 100 transmissions in theory. If TBS is set as 20, it can be seen  REF _Ref346140630 \h 
 \* MERGEFORMAT that there are about 26k MTC UEs in theory and 12.1k practical MTC UEs can be supported when 20% of MTC UEs need 20dB coverage improvement. However, if TBS is changed to 104, the amounts of theoretical supported MTC UEs and practical MTC UEs are increased to 135k and 24.9k, respectively.
Table 1. Spectral efficiency degradation with different percentage of coverage limited MTC UEs
	Percentage of coverage limited MTC UEs
	The number of supported reports within five-minutes quiet time (0.1 iBLER)

	
	Theoretical number with TBS = 20
	Practical number with TBS = 20
	Theoretical number with TBS = 104
	Practical number with TBS = 104

	0%
	540k
	540k
	2808k
	2808k

	20%
	26k
	12.1k
	135k
	24.9k

	40%
	13.3k
	6.1k
	69.2k
	12.5k

	60%
	9k
	4.1k
	46.5k
	8.4k

	80%
	6.7k
	3.1k
	35k
	6.3k

	100%
	5.4k
	2.5k
	28.1k
	5k


From above rough spectral efficiency evaluation REF _Ref346140630 \h 
 \* MERGEFORMAT , if 20% of MTC UEs need 20dB coverage improvement, the number of supported MTC UEs is still much larger than the number of devices in a cell [6]. It leads to an observation below:

Observation 3: Although spectral efficiency degrades, repetition could still meet the requirement of traffic model.
3 Conclusion
Based on above analysis, some proposals on PDSCH/PUSCH and reference signals are summarized below:

Proposal 1: PDSCH can use PSD boosting combined with repetition/TTI bundling or retransmission to achieve the coverage target. 

Proposal 2: PUSCH can use PSD boosting combined with repetition/TTI bundling or retransmission to achieve the coverage target. 

Observation 1: For downlink, CRS power boosting is more helpful to improve channel estimation compared to CRS density increasing.

Observation 2: The selection of TBS needs to consider spectral efficiency and the performance of channel coding when latency is required.
Observation 3: It is worth considering increasing uplink DMRS density to improve channel estimation.

Observation 4: Although spectral efficiency degrades, repetition could still meet the requirement of traffic model.
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Text Proposal 
---------------------------------------------Start text proposal----------------------------------------------------------

9.5.5 PDSCH / PUSCH
Data rate and power spectral density are key factors impacting data channel coverage, so it is possible to improve coverage by lowering the effective data rate and boosting power spectral density. There are some common solutions with some differences or impacts with respect to boosting coverage for PDSCH and PUSCH:

· Repetitions/ Retransmission/ TTI bundling: Repetitions, retransmission or TTI bundling will increase received power consumption due to prolonged transmission time. Minimum specification impact and no increased costs are expected. Compared to retransmission, repetition could boost PDSCH coverage without ACK/NACK feedback. Another way is to introduce extend current TTI bundling beyond four transmissions for data channel. Retransmission could use dynamic PDSCH or PUSCH resources as it can stop transmitting when eNB has correctly received the block, but latency and control channel resources overhead could be significantly increased as either uplink control channel or downlink control channel still needs to be improved at extreme scenarios.
· PSD boosting: PSD boosting is helpful to lower UE’s power consumption because the amount of repetition or TTI bundling could be reduced. It seems no impact on cost and specification. For PDSCH, eNB could concentrate more power on reference signals or limited PRB pairs for MTC UEs, but at the cost of increasing neighbor cell interference and bringing scheduling limitation for eNB. In order to avoid serious interference, eNB needs to carefully select the scheduled PRBs and the extent of PSD boosting. Note that PDSCH needs to compensate 15.3dB, PSD boosting alone could not reach PDSCH coverage requirement when bandwidth is small (i.e., 1.4M, 3M, 5M) but can be considered as a complement to combine with other techniques without specification impact or implementation cost. For PUSCH, an advantage of this approach is to allow more UEs to transmit simultaneously. Similar to PDSCH, PSD boosting alone could not reach PUSCH coverage requirement but can be considered as a complement to combine with other techniques.  
· Low rate coding, spreading, RLC segmentation, design new channels/signals: Other solutions like very low rate coding, lower modulation order (BPSK), time domain spreading or RLC segmentation share similar concept of time domain prolonging to accumulate received signal energy. The impact of power consumption and cost are also similar to repetition or TTI bundling. Some specification modifications can be expected. For example, a new modulation and TBS index is needed in MCS table if BPSK is introduced, optimization or simplification of the RLC/MAC header may be required in RAN2, etc.. 
PDSCH or PUSCH can use PSD boosting combined with repetition/TTI bundling or retransmission to achieve the coverage target.
---------------------------------------------------End text proposal-----------------------------------------------------
Appendix

Table 2. Simulation assumptions on PDSCH

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1Hz

	MCS
	0

	Number of DL RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic multiple subframes channel estimation, first order low-pass filter across two consecutive subframes.

	The minimum required SINR
	-19.3dB for FDD

	Output
	56 transmissions 


Table 3. Simulation assumptions on PUSCH

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1Hz

	TBS
	20 and 104

	Number of UL RBs
	1 or 2

	Transmission mode
	TM1

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic multiple subframes channel estimation, first order low-pass filter across two consecutive subframes.

	The minimum required SINR
	-24.3dB for 2PRB transmission; -21.3dB for 1PRB transmission

	Output
	220 transmissions for TBS = 20; 560 transmissions for TBS = 104
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