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1 Introduction

At the last RAN1 meeting, there was discussion on how to map ePDCCH in presence of other signals, and it was agreed that rate matching will be used for ePCCCH mapping. As the basic unit, at least, for distributed transmission of ePDCCH, the definition of eREG must take non ePDCCH signals into consideration. The related aspects of eREG were summarized in the following chairman notes,
· At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16,24 or 36} (FFS, revisit on Wed to narrow down) equal-sized non-overlapping resource element groups (eREG)

· Detailed design of the eREG mappings are FFS

· An eCCE is formed by grouping of multiple eREGs 

· An eCCE groups eREGs located in multiple PRB-pairs

In this contribution, we focus on issues of the number of eREG within one PRB pair and the design of eREG mapping. 
2 Discussion on eREG
2.1 The number of eREG within one PRB pair
For distributed transmission, one motivation of introducing the eREG is to enable diversity within one eCCE, which is a significantly different goal than for localized transmission. The more eREGs for an eCCE, the more diversity gain is expected. However, the cost for this diversity gain is using more PRBs and/or more antenna ports, which may cause multiplexing inefficiencies. To get frequency diversity gain, the eREGs of an eCCE should be distributed over more PRBs. To increase spatial diversity, the eREGs of an eCCE within one PRB pair can be associated with different antenna ports (eREG-based random beamforming). Therefore, there is a tradeoff between resource occupation and the desired diversity performance.
The two possible options are 8 eREGs and 16 eREGs within a PRB pair. With 4 eCCE per PRB pair, 8 eREGs means that an eCCE is composed of 2 eREGs while 16 eREGs implies 4 eREGs per eCCE. We will give our analysis on these two options from the following two aspects.
2.1.1 Performance of distributed transmission
When channel state information is not reliable, such as for high velocity scenarios, transmit diversity with random beamforming can ensure that the ePDCCH is reliably detected. Since the CSI is not reliable for scheduling, a high aggregation level with low code rate is preferred. While with random beamforming, low aggregation level with high coding rate is not likely to be selected. 
Since an eCCE with 4 eREGs can be distributed over four PRB pairs, four orders of frequency diversity gain can be obtained. In contrast, an eCCE with 2 eREGs distributed over 2 PRB pairs provides a maximum of two orders of diversity gain. Consequently, 16 eREGs will perform better than 8 eREGs, but given that 16 eREGs requires more resource fractioning (i.e., scheduling inefficiencies), further investigation of whether the gain with 16 eREGs is high enough to justify its introduction. 
For aggregation level 2, if an eCCE is composed of 2 eREGs, then the four eREGs can be distributed over four PRBs. A maximum fourth order frequency diversity gain can be obtained. Given that for usual conditions, typically there is little additional performance gain on top of using diversity order of 4. For this example, it is not expected that 16 eREGs to provide significant performance gains over 8 eREGs. This was confirmed by means of simulations. The simulation assumptions can be found in the appendix where 4 PRB pairs are assumed.  

[image: image1.emf]0.01%

0.10%

1.00%

10.00%

100.00%

-10 -8 -6 -4 -2 0 2 4 6

坐标轴标题

SNR (dB)

TU 120km/h distributed transmission  10MHz DCI format 1A

8eREGs w.o.power splitting 2AP AP7&9

16eREGs w.power splitting 4AP AP7,8,9,10

8eREGs w.power splitting 2AP AP7&8

16eREGs w.o.power splitting 2AP AP7&9

16eREGs w.power splitting 2AP AP7&8

8 eREGs 1 AP AP7

AL 4 AL 2


Figure 1. Performance of 16 eREGs and 8 eREGs for aggregation levels 2 and 4 

We compare the performance of option with 16 eREGs and option with 8 eREGs based on two assumptions. One is assuming all UEs share the APs within one PRB pairs. In this case, the EPRE of each port should be the same, and using more APs will bring additional spatial diversity gain. It can be observed in Figure 1, for aggregation level 2, the option of 16 eREGs (green curve) outperforms the option of 8 eREGs (red curve) by 1dB due to additional spatial diversity gain with two APs transmission. For aggregation level 4, the pure spatial diversity gain of option with 16 eREGs (orange curve) over option with 8 eREGs (gray curve) is only 0.3dB.
The other assumption is that the use of AP is UE-specific in one PRB and can utilize all the AP’s power. In this case, associating with more APs will not necessarily bring performance gain. This is because while using multiple ports can obtain spatial diversity gain, the channel estimation accuracy will be impaired due to power splitting. As shown in the simulation results, for aggregation level 2,the gain of option with 16 eREGs (purple curve) over the option with 8 eREGs (red curve) has significantly reduced to 0.2dB due to the power splitting within one CDM group by adopting port 7 and port8. For aggregation level 4, the results show that by using 4 ports with 16 eREGs (orange curve) provides no gain but performance loss over 2 ports with 8 eREGs (blue curve). During the lower SNR region which is the working region of higher aggregation level, the channel estimation accuracy plays a more important role than the spatial diversity.  This can explain why using 4 ports with worse channel estimation performance due to reduced power but better spatial diversity is still worse than using 2 ports with better channel channel estimation performance but worse spatial diversity.
According to the observation, we can conclude the maximum second order spatial diversity is sufficient on top of frequency diversity for distributed transmission [2]. Containing 8 eREGs per PRB pair can guarantee the performance of distributed transmission. 
2.1.2 Equal eREG size 
It can be observed in Figure 2 that the eREG size has a significant impact on the performance. A eREG size difference of 4 REs leads to 3dB performance gap for aggregation level 2. It implies, if in a PRB pair the available REs of each eREG cannot keep approximately the same, the transmission on different eREG will lead to significant performance gap. Consequently, it will complicate the link adaptation and scheduling. Therefore, it is important that all eREGs have equal size to have the same performance. Thus, when determining the eREG number, the available REs should be divisible by the eREG number.
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Figure 2. Performance with different eREG size 

The available REs being divisible by the eREG number implies that the overhead not occupied by the ePDCCH must be evenly distributed over all the eREGs. For simplicity, we can examine certain types of non-ePDCCH overhead. Since one CRS port occupies 8 REs, it is obvious the 8 REs is divisible by 8 but not by 16. Therefore, in this case, if 16 eREGs are adopted, it is impossible for all the eREGs to have equal size. Table 1 list all the non-ePDCCH signals cases and whether the size of the signal Y is divisible by the eREG sizes of 8 and 16. Defining X1 and X2 as 
X1=Y mod 8 (8 eREGs)

and
X2=Y mod 16 (16 eREGs),
if Xi is zero, the eREG size 8i, for i=1,2, divides the size of the signal evenly
Table 1. Comparisons between X1 and X2
	Non ePDCCH signal
	Y (REs)
	X1 (8 eREGs)
	X2 (16 eREGs)

	CRS port 1
	8
	√
	×

	CRS port 2
	16
	√
	√

	CRS port 4
	24
	√
	×

	DMRS
	24
	√
	×

	PDCCH symbol #1
	12
	×
	×

	PDCCH symbol #2
	24
	√
	×

	PDCCH symbol #3
	36
	×
	×

	PDCCH symbol #4
	48
	√
	√


From the table, for nearly all the cases, the overhead cannot be divided by 16 eREGs but can be divided by 8 eREGs. Therefore, if 8 eREGs is adopted and with good eREG mapping design, the eREGs can always achieve approximately the same size.
Based on the above discussions, 8 eREGs/PRB pair is a good tradeoff between performance and the resource utilization. Furthermore, from eREGs size equalization perspective, 8 eREGs has an obvious advantage over 16eREGs.Therefore, we have the following proposal

Proposal 1: 8 eREGs within one PRB pair is preferred.
2.2 The design of eREG mapping
In the previous section, it was described how to determine the number of eREGs per PRB pair. Once this operation is done, it is then necessary to map the eREGs onto the PRB pair. As shown in Figure 2, when mapping the eREGs on the PRB pair, it is essential to have eREGs with the same (or very close) number of available REs after accounting for all overhead in order to keep the performance balanced of all the eREGs. Another important factor to be considered is the channel estimation accuracy. It was observed in [1] that there is a 2dB performance difference for eREG/eCCEs located at the edge and the center of one PRB pair. We should guarantee all the eREGs have similar channel estimation accuracy. Meanwhile, the eREG mapping design should be uniform over the whole PRB pair regardless of the overhead. When any overhead occurs, the eREG element being occupied can be discarded. The uniform design can cope with all the scenarios and can simplify the standardization work. In summary, the following principles should be considered when designing the eREG mapping.
· Equal eREG size

· Similar channel estimation accuracy

· Uniform design

Considering the above principles, we propose a block wise eREG mapping scheme as shown in Figure 3. The whole PRB pair is segmented into 21 non-overlapping blocks, and each block has eREG elements labeled 1 to 8. For the blocks marked with blue circle, the eREG can be sequentially mapped in a frequency first and time second manner. For the blocks marked with red and yellow circles, a simple permutation operation is performed within the block.
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Figure 3. REG mapping scheme within one PRB pair 
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Figure 4. eREG mapping in the presence of CRS and DMRS

Given the location of the various RS (CRS, DMRS), using this design can also provide an equal, or almost equal amount of REs per eREG. As observed in Figure 4, all the eREG elements being occupied by CRS port 0 are collected together marked with pink color. The marked elements come from 8 eREGs individually. Similarly, for CRS ports 2, 3, 4 or even DMRS, the 8 eREGs are always evenly distributed over all the RS. This verifies that for most cases, the eREG size can be equal. In addition, since the eREG elements are uniformly distributed over the whole PRB pair, there is approximately the same channel estimation accuracy for each eREG.
Proposal 2: A block wise eREG mapping scheme is preferred.
3 Conclusion
In this contribution, we present our views on the number of eREG in a PRB pair and the design principles for eREG mapping, and  there are the following proposals,
· 8 eREGs within one PRB pair is preferred.

· A block wise eREG mapping scheme is preferred.
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Appendix

	Parameter
	Value

	System bandwidth
	10 MHz,20MHz

	Carrier frequency
	2 GHz

	Antenna configuration
	2x2

	Channel model
	TU

	UE velocity
	120 km/h

	Payload size (including CRC)
	DCI format 1A 43 bits (10MHz)
DCI format 2C 62 bits (20MHz)

	Aggregation level
	2, 4 

	eCCE size
	36 RE

	eREG size
	(8 eREGs) 14 RE, 15 RE, 16 RE, 18 RE
(16 eREGs) 9RE

	Channel estimation for DMRS
	Real

	Resource allocation
	distributed

	Precoding matrix
	Rel-8 2Tx rank1 codebook


