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1 Introduction

At the RAN1 #81 meeting, the following was agreed regarding coverage enhancements for PDSCH and on HARQ processes for PDSCH in enhanced coverage [1]:

· For HD-FDD, FD-FDD, and TDD, if the UE is operating coverage enhancement:

· UE is not expected to use more than N DL HARQ process to receive unicast PDSCH

· UE is not expected to use more than M UL HARQ process to transmit unicast PUSCH

· Value of N and value of M are FFS and could be different for different duplex modes

· Companies may provide PDSCH/PUSCH simulation results to evaluate the potential reduction of the required number of repetitions

· Note: The reference simulation case should apply frequency hopping

Further, at the RAN1 #82 meeting, the further agreements were made on the aspect of number of HARQ processes for PDSCH and PUSCH: 
· For HD-FDD, FD-FDD, and TDD, if the UE is operating with coverage enhancement (but not small one):

· UE is expected to support no more than N DL HARQ process to receive unicast PDSCH

· FFS N=1, 2, or 4

· UE is expected to support no more than M UL HARQ process to transmit PUSCH

· FFS M = 1, 2, 4, or Rel-8 # of UL HARQ processes

· For HD-FDD, FD-FDD and TDD, if the UE is operating with no repetition, the same max number of DL and UL HARQ processes as for Cat-0 UE in Rel-12, except that:

· FFS if the number of DL HARQ processes should be increased for TDD with respect to that of Rel-8 for the case of no repetition 

· FFS the case of small coverage enhancement

· Soft buffer management is based on a maximum of 8 DL HARQ processes as in Rel-8

In this contribution, we present link-level performance evaluation results for PDSCH and share our views on the aspects of HARQ processes for unicast PDSCH.
2 Time diversity gains for unicast PDSCH transmissions
In this Section, we present link-level performance for unicast PDSCH for various transport block sizes (TBSs). The first set of results are for different TBS values with continuous repetitions on every DL subframe and application of frequency hopping (FH) every 4 subframes, cross-subframe channel estimation over every 2 subframes, and redundancy version (RV) cycling. In Figures 1 through 4 the link-level BLER curves are presented for TB sizes {152, 328, 504, 1000} bits respectively.
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Figure 1. PDSCH link-level performance for 152 bits + CRC: Continuous transmissions, with FH
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Figure 2. PDSCH link-level performance for 328 bits + CRC: Continuous transmissions, with FH
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Figure 3. PDSCH link-level performance for 504 bits + CRC: Continuous transmissions, with FH
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Figure 4. PDSCH link-level performance for 1000 bits + CRC: Continuous transmissions, with FH
Next, we present the results for discontinuous transmissions with PDSCH repetitions being transmitted every 3 subframes. Figures 5 through 7 show the link-level performance for PDSCH with transmissions every 3 subframes with application of frequency hopping (FH) every 4 subframes, cross-subframe channel estimation over every 2 subframes, and redundancy version (RV) cycling, for TB sizes of {152, 328, 504} bits respectively.
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Figure 5. PDSCH link-level performance for 152 bits + CRC: Discontinuous transmissions, with FH
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Figure 6. PDSCH link-level performance for 328 bits + CRC: Discontinuous transmissions, with FH
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Figure 7. PDSCH link-level performance for 504 bits + CRC: Discontinuous transmissions, with FH
Comparing the performance shown in Figures 1 and 5, it can be seen that for the considered payload size, the gains from additional time-diversity from discontinuous transmissions of PDSCH are relevant mainly intermediate RLs, e.g., RL = 16. For higher RLs, the gains from additional time dispersion become negligible. This is expected since with increased number of repetitions, a certain level of time diversity is naturally available that adds on top of the diversity gains already realized from FH. 
However, in reality, PDSCH repetitions may not be transmitted on every consecutive subframes due to many subframes being unavailable for transmission of PDSCH for MTC UEs, e.g., subframes used for retuning, subframes carrying PMCH traffic, UL subframes in TDD, etc. Hence, in reality most of the gains shown from the results with time diversity would already be realizable without additional significant spreading of the repetitions in time. 
Observation 1:

· Additional gains from time diversity on top of frequency diversity gains are observed only for intermediate repetition levels. For small number of repetitions or large number of repetitions the additional gains are negligible.

· It may be possible to already realize the demonstrated benefits of time diversity due to the presence of unavailable subframes that may not be used to carry PDSCH repetitions for Rel-13 LC/EC MTC UEs.

3 On HARQ processes for unicast
During the RAN1 #81 meeting, it was proposed to consider an increased number of HARQ processes for unicast PDSCH for enhanced coverage so as to realize the benefits of time diversity by interleaving of different HARQ processes. However, as can be seen from the evaluation results presented in the previous Section, the benefits of time diversity in addition to the diversity gains achievable from frequency hopping are negligible for large and small number of repetitions. Perceptible gains are observed only for a particular RL in the most favourable analysis for time diversity. In reality, there would naturally be certain non-valid subframes within repetitions of PDSCH. Hence, additional spreading of the unicast PDSCH processes may not bring any significant benefits towards reducing the number of repetitions. 

If support of interleaving of multiple PDSCH processes in enhanced coverage is not mandated, then a single or a maximum of 2 HARQ processes (for some scheduling flexibility) may be sufficient for PDSCH reception. This can significantly reduce the UE complexity in managing its soft buffer, especially in consideration of accumulation of system information messages that may be repeated across multiple SI periods, thereby requiring separation of UE buffer for different SI messages at the UE side. Since a LC/EC UE would already have the buffer capacity equivalent of multiple HARQ processes for normal coverage operation, when in enhanced coverage, the handling of accumulation of multiple interleaved SI messages would not require definition of additional broadcast HARQ processes beyond the single broadcast HARQ process defined in current specifications, and the buffer management can be left up to UE implementation. Further, these observations would be valid for both FD-FDD, HD-FDD and TDD UEs. 

While similar observations can be expected in terms of time-diversity for PUSCH transmission considering potential time diversity gains from repetitions in time and presence of unavailable subframes for UL, the impact on UE complexity to support a certain number of UL HARQ processes is limited. Hence, to provide sufficient scheduling flexibility and time diversity gains while minimizing any impact on the peak throughput for UL, M can be equal to Rel-8 # of HARQ processes for UL.
Proposal 1:
· In enhanced coverage, a Rel-13 LC/EC MTC UE is not expected to support more than N=2 unicast DL HARQ processes and M = Rel-8 # of UL HARQ processes.
· For SI message reception in enhanced coverage, no additional broadcast HARQ processes, beyond the single broadcast HARQ process currently specified, is defined for Rel-13 LC/EC MTC UEs.
4 Conclusions

In this contribution, we link-level performance evaluation results for PDSCH and share our views on the aspects of HARQ processes for unicast PDSCH. Based on the discussion presented, we summarize our views through the following observation and proposals:
Observation 1:

· Additional gains from time diversity on top of frequency diversity gains are observed only for low-to-medium repetition levels. For small number of repetitions or large number of repetitions the additional gains are negligible.

· It may be possible to already realize the demonstrated benefits of time diversity due to the presence of unavailable subframes that may not be used to carry PDSCH repetitions for Rel-13 LC/EC MTC UEs.

Proposal 1:
· In enhanced coverage, a Rel-13 LC/EC MTC UE is not expected to support more than N=2 unicast DL HARQ processes and M = Rel-8 # of UL HARQ processes.
· For SI message reception in enhanced coverage, no additional broadcast HARQ processes, beyond the single broadcast HARQ process currently specified, is defined for Rel-13 LC/EC MTC UEs.
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Appendix: PDSCH Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1 with low correlation

	Channel model
	EPA-1Hz

	Residual frequency offset
	100Hz 

	CFI
	3

	Payload size
	152, 384, 504, 1000 bits (+ 24-bit CRC)

	PDSCH occupied BW
	6 PRBs

	HARQ
	Not enabled

	Performance target
	10% BLER

	Repetition level
	1, 2, 4

	Channel estimation
	Cross-subframe channel estimation using 2D-MMSE


PAGE  
7/7

