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1
Introduction
In Rel-11, an enhanced physical downlink control channel (e-PDCCH) will be introduced. In this contribution, we share our views on the mapping of e-PDCCH in presence of other signals.
2
Discussion
In RAN1#67, it was agreed that at least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DM-RS transmitted in the PRB(s) used for transmission of the enhanced control channel, where antenna ports 7-10 is/are used. It was later agreed that rank 1 e-PDCCH is supported, while rank-2 SU-MIMO is not supported for a single blind decoding attempt and rank 3 and rank 4 e-PDCCH is not supported for e-PDCCH. 
In RAN1#68bis, the issue of how to handle mapping of ePDCCH in presence of other signals was discussed. Three possible methods were proposed:
· Puncturing of REs including coded symbols

· Puncturing of REs from “(e)REG/(e)CCE” with rate matching in coding chain

· Rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals

· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS
There are two issues covered by the above three designed alternatives:

· Issue 1: should the eREG/eCCE definition include “other signals” or not?
· Issue 2: should the coded symbols be mapped to the REs occupied (punctured) by “other signals” or not?
The first issue is discussed in [1]. Herein, we focus on the second issue. 

Control channel transmission employs a tail bit convolutional coding (TBCC) with a constraint length 7 and a coding rate of 1/3. After encoding, the three bit streams are interleaved by using a sub-block interleaver (bit reversed column interleaving), before merged in a virtual circular buffer for rate matching, based on the actual number of available REs for the control channel transmission.
Under the “puncturing” approach, the presence of other signals would puncture some of the code symbols. The amount and the pattern of puncturing depend on the presence of other signals. In particular, since the presence of other signals is subframe-dependent, the puncturing pattern is variable. 
Due to the bit reversed column interleaving, normally the punctured bits are distributed evenly. For example, with R=2/3 and with 50% puncturing, every odd numbered bits are punctured (approximately regularly) within each subblock. Under random puncturing, this property is broken, which may result in noticeable performance loss compared to rate matching. 
In addition, in symbol repetition cases, puncturing will in some cases reduce the code rate, since puncturing doesn’t ensure that repeated bits are eliminated first, unlike rate matching does. 

Although, we didn’t simulate worst case scenarios, there are obvious worst case puncturing patterns that result in deleting consecutive channel bits before the interleaving.  It seems hard to ensure, even with a careful channel interleaver design, that all these worst cases are avoided given the large number of potential puncturing pattern combinations. 

In the following, simulations are performed to analyze the potential performance loss due to puncturing operation compared with rate-matching based ePDCCH. 
Note that in the simulations, we assume that the receiver zeroes out all punctured symbols, which is a very optimistic assumption. Considering the motivation of introducing puncturing, in certain cases this assumption would not hold. The performance degradation caused by the UE not being able to zero out punctured symbols, due to lack knowledge of configuration, already creates motivation to make sure that this situation is avoided. In that case, there is no reason to introduce puncturing to begin with.    

2.1
Simulation Setup

Link level simulation is performed for ePDCCH with rate matching and puncturing. In the simulation, DCI format 0 of 43 bits of payload (under 10MHz system bandwidth assumption) is transmitted using 2 eCCEs, each of which consists of 37 REs.

For puncturing based scheme, a certain percentage (e.g., 15%, 30%, and 50%) of the REs is excluded from the use of ePDCCH. In the simulation, the positions of the REs unusable for ePDCCH transmission are randomly selected (not for DM-RSs) and vary from subframe to subframe. The coded bits are rate-matched to all the REs of the two eCCEs as if all REs were available for ePDCCH. The REs that are not usable for ePDCCH are then punctured before transmission.

In the rate matching scheme, the coded bits are rate-matched to the REs that are available for ePDCCH transmission. 

The total number of usable REs for ePDCCH transmission is kept the same for both approaches. 

At the receiver, the UE simply zeroed-out (zero-energy) QPSK modulation symbols on the REs that ePDCCH are not transmitted before the received modulation symbols are fed to the LLR calculator.
Note that the assumption of the receiver zeroing out is already an optimistic assumption. 

More detailed simulation parameters can be found in the Appendix.
2.2
Simulation Results

As shown in Figure 1, the performance difference between puncturing and rate-matching based ePDCCH is small when the percentage of unusable REs is low, e.g., a 15% puncturing rate. However, as the puncturing rate increases, the performance gap between the two approaches also increases. At 50% puncturing rate, the rate matching approach outperforms the puncturing approach by ~1 dB.
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Figure 1: e-PDCCH performance (DCI Format 0) for the rate matching and puncturing approaches at various puncture rates (ETU channel at 3kmph/2GHz).
Note that 50% puncturing is possible. As an example, consider 3 legacy control symbols, and the presence of CRS and CSI-RS signals. Within a PRB pair, 3 control symbols result in a total of 36 REs. The configuration of CSI-RS can be up to 40 REs in a PRB pair. Under a 2 Tx CRS, the number of CRS REs in the non-control region is 3*4 = 12 REs. As a result, the total of REs due to these signals is 36+40+12 = 88 REs. Comparing with a total number of 14x12 = 168 REs in a PRB pair, the presence of these “other” signals (legacy control, CRS and CSI-RS, and possibly other signals) can be 88/168 = 52% or higher.

Considering the above performance difference for rate matching and puncturing approaches, rate matching approach offers more robust performance over the puncturing approach at various puncturing rates. It is worth noting that one key motivation for the introduction of ePDCCH is for more efficient system operation. Therefore, we propose to adopt the rate matching approach for e-PDCCH transmission.
3
Conclusions 

In this contribution, we compared puncturing and rate-matching based ePDCCH transmission. Roughly 1 dB loss was observed due to puncturing (compared with rate-matching) when the puncturing rate is about 50%, a very likely scenario for the puncturing based approach.  The 1dB loss is observed with assuming the UE has perfect knowledge of the punctured symbol locations. With imperfect knowledge, the performance will further degrade. 
Due to its more robust performance, rate-matching based ePDCCH should be adopted in Rel-11.
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Appendix

Table 1: Simulation Assumptions

	Parameter
	Value

	System bandwidth 
	10MHz 

	Antenna Configuration
	eNB: 2Tx; UE: 2Rx

	DCI format
	0

	CCE aggregation level
	2 (37 REs / eCCE) (including REs for othe signals)

	Carrier frequency
	2 GHz

	Channel model
	ETU

	UE speed
	3 km/h  

	Receiver type
	MMSE

	Channel estimation
	Practical
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