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1. Introduction 
When the UE is in poor coverage, repetition can be used to improve the coverage of channels such as the M-PDCCH. The M-PDCCH performance can also / alternatively be improved by reducing the number of DCI bits transmitted by the M-PDCCH. Reducing the number of M-PDCCH CRC bits will further improve M-PDCCH performance and lessen the number of repetitions that need to be applied.
This document considers the benefits of reducing the M-PDCCH CRC size and discusses how this could potentially be achieved without increasing the M-PDCCH false alarm probability.

This document is an updated version of [8]. This document contains simulation results using a reduced CRC size of 8 bits, showing that a gain of 1.0dB is achieved compared to a 16 bit CRC size, allowing the coverage enhancement target of 15dB to be achieved using approximately 16 repetitions of M-PDCCH.
2. Use of a Reduced CRC Size for M-PDCCH
The DCI contents for LC-MTC are still under discussion and will depend on agreements made on other aspects of the work on LC-MTC. There are several proposals for reducing the DCI size (e.g. [1], [2], [3], [4] etc.) and an ongoing email discussion [9]. The exact size down to which the DCI can be reduced depends on the outcome of these discussions and discussions in RAN1#83. However proposals show that it should be possible to reduce the DCI size for scheduling PDSCH and PUSCH in coverage enhancement mode to the range of 10 bits (for both allocation of PDSCH and PUSCH).
When compact DCI formats are used in coverage enhancement mode, the size of the CRC may be significantly larger than the DCI size, hence it would be beneficial to attempt to reduce the CRC size [1], [4], [8]. The performance gains from reducing the CRC size to 8 bits are shown in Figure 1 and summarised in Table 1, based on the simulation assumptions in Appendix A. A CRC size of 8 bits would allow the coverage enhancement target of 15dB (SNR = ‑14.3dB) to be achieved with approximately 16 M-PDCCH repetitions. This 8 bit CRC size would also balance the number of bits in the DCI with the number of bits in the CRC.

Table 1 – SNR Required for M-PDCCH BLER = 1% with reduced CRC size

	DCI size
	CRC size
	SNR for REP16
	SNR for REP32

	21 bits
	16 bits
	-11.9dB
	-13.7dB

	10 bits
	16 bits
	-13.0dB
	-14.8dB

	10 bits
	8 bits
	-13.9dB
	-15.8dB
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Figure 1 – Simulated performance of 8 bit CRC for M-PDCCH in EPA

Proposal 1: At least when operating with a large number of repetitions, M-PDCCH should support a reduced CRC size.

If the M-PDCCH CRC size is reduced, the probability of false alarm of the M-PDCCH is increased. When an unintended UE decodes the M-PDCCH and associated PDSCH, it transmits a PUCCH in the UL which will interfere with the PUCCH from the intended UE. If the UE were scrambled with a fixed set of bits from the RNTI (e.g. the 8 least significant bits of the RNTI), re-transmission of the M-PDCCH will cause another false alarm from the same unintended UE and this process will continue. 
The false alarm issue could be resolved by the eNodeB only scheduling UEs that have RNTIs that it knows will not collide with other UEs. If sets of UEs are active at the same time (e.g. have the same DRX cycle and phase), there may be extended periods where a UE cannot be scheduled. A potential resolution to this problem would be to change with time the bit field that is used to scramble the M-PDCCH CRC. If the bit field used to scramble the M-PDCCH CRC varies differently for different UEs, then there will be times at which the eNodeB can schedule UEs without incurring collisions. 
Proposal 2: When a reduced CRC size is applied to M-PDCCH, the UE-specific scrambling applied to the M-PDCCH changes with time.

If there are cases where the eNodeB does not accurately know which UEs are active (e.g. some UE implementations might listen to MPDCCH before transmitting PRACH when waking up during the DRX phase to transmit MO data), the associated error scenarios should resolve themselves through re-transmission (noting that an error scenario that occurs in one DCI message will not be repeated in subsequent DCI messages due to the changing scrambling applied to the M-PDCCH CRC).    
3. Conclusion

This document has considered the benefits of reducing the CRC size used on the M-PDCCH. The coverage enhancement target of 15dB can be achieved for M-PDCCH with approximately 16 repetitions when an 8 bit CRC is applied to M-PDCCH. When a reduced M-PDCCH CRC size is used, the eNodeB can control false alarms through scheduling if the bit field used to scramble the M-PDCCH CRC changes with time. 
The following proposals are made:

Proposal 1: At least when operating with a large number of repetitions, M-PDCCH should support a reduced CRC size.

Proposal 2: When a reduced CRC size is applied to M-PDCCH, the UE-specific scrambling applied to the M-PDCCH changes with time.
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Appendix A: Simulation Assumptions

Table 1 lists the simulation assumptions applied in this document. These simulation assumptions are based on those in [10].
Table 2 – Simulation Assumptions for M-PDCCH Channel Estimation Combining
	Parameter
	Distributed M-PDCCH

	MTC bandwidth
	1.4MHz

	System bandwidth
	10MHz

	Legacy control region
	3 symbols

	M-PDCCH type
	Distributed

	Aggregation level
	24 

	M-PDCCH set size
	6 PRB

	Precoding diversity
	Random beamforming using orthogonal precoding weight vectors
Precoding cycling applied between PRGs

	DCI payload size (excluding CRC)
	21 / 10 bits


	CRC size
	16 / 8 bits

	Repetition level
	1 / 16 / 32

	Number of transmit antennas
	2

	Number of receive antennas
	1

	Antenna correlation
	low

	Channel model
	EPA

	Channel speed
	0Hz

	Carrier frequency
	2GHz (FDD)

	Frequency tracking error
	100Hz

	Symbol timing accuracy
	Perfect

	Inter-subframe frequency hopping
	FH across 4 equally spaced narrowbands

	Inter-subframe channel estimation
	4 subframe cross-subframe

	Inter-PRB channel estimation
	3 PRB

	Number of CRS ports
	2

	Reference symbols
	DMRS on antenna ports 107, 109

	Channel estimation
	LS: channel estimates averaged across a PRB

	CSI-RS
	No CSI-RS in subframe

	MBSFN subframes
	Non-MBSFN subframes


