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1. Introduction

In RAN1#70 meeting, the issues regarding the association between APs and EPDCCH transmission were discussed and the following agreements were concluded:

Agreements from RAN1#70: [1]
· The group of REs defined spatial diversity transmission is 1 RE.

· When distributed transmission is used, spatial diversity is used and each RE in a given PRB pair belonging to a given DCI is associated by specification with one of two APs alternately following the eREG mapping

From this agreement, we can consider a certain DM-RS AP association method which maximizes the spatial diversity gain by allocating proper AP for each RE and reducing the AP imbalance between each port [2]. In addition, there was also a discussion on RE imbalance mitigation by applying a cyclic shift on REs according to the OFDM symbol indices [3]. In this contribution, we discuss more on the mitigation of both AP imbalance and RE imbalance. And we will show the performance improvement and the advantages of our proposed methods by more sophisticated analysis and evaluation results.

2. Discussion

2.1. Cyclic shift of EREG indices for RE number balance

In RAN1#70, it was agreed that the REs valid for EREG definition are sequentially allocated to each EREG in the frequency-first manner and it is FFS whether the cyclic shift can be also applied to the EREG indices in OFDM symbol. In the following, we focus on the other aspect of the cyclic shift of EREG indices – balancing the number of available REs of each ECCE which can be achieved even with a single cyclic shift pattern common to all the TPs.

The imbalance of RE number for each ECCE originates mainly from the existence of other signals. The number of effective REs allocated for each ECCE after excluding the CRS and PDCCH symbols differs by 1 RE maximally among ECCEs (when 1-port CRS and non-zero PDCCH symbol is configured) under the agreed EREG grouping method [5]. However, in case of the existence of CSI-RS, the REs excluded by CSI-RS can be concentrated on some specific ECCEs. As an example of normal CP case shown in Figure 1(a), when the cyclic shift is not applied, especially for the 9th and 10th symbols where CSI-RS is usually configured, the REs on a single subcarrier belong to the same index of ECCE. As a result, most two-port CSI-RS configurations erase two REs belonging to a single ECCE, and this causes RE number imbalance across different ECCEs. Actually, CSI-RS configuration causes much worse impact in the extended CP case because REs of a single 4- or 8-port CSI-RS configuration are separated by two subcarriers, one of which is used for DM RS. Thus, a single CSI-RS configuration affects only one ECCE. This problem can be alleviated if we allocate the two REs occupied by a single two-port CSI-RS configuration to the two different ECCEs. An easy way to implement this allocation is to apply a cyclic shift to the EREG indices located at a certain OFDM symbol. Here, the amount of the cyclic shift can be a function of the OFDM symbol index. For example, we can apply a cyclic shift of (n modulo # of subcarriers in a PRB pair) at OFDM symbol n, and Figure 1(b) shows the resultant ECCE-to-RE mapping for normal CP case. 
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 (a) Without cyclic shift                          (b) With cyclic shift
Figure 1: EREG to RE mapping in the existence of CSI-RS
Table 1~Table 4 shows the statistics of the RE imbalance caused by various configurations of CSI-RS. Here, the RE imbalance is defined by the largest difference of the number of REs per ECCE in a given CSI-RS configuration. For example, if a certain CSI-RS configuration results in the number of REs 36, 32, 36, 32 for each of the four ECCEs in a PRB pair, the RE imbalance for this CSI-RS configuration becomes 4 (=36-32) REs. For a CSI-RS configuration with multiple CSI-RS resources, we assumed that each CSI-RS resource among all the possible resources is selected with equal probability. We can find that the larger RE imbalance occurs more frequently when there is no cyclic shift. For example, when there exist four 4-port CSI-RS resources in a subframe and cyclic shift is not applied for normal CP case, the rate of the RE imbalance value equal to or larger than 4 RE is 52.4 % (=1-0.476) while it is only 12.9 %  for the cases where cyclic shift is applied. For extended CP case, it is even worse as shown in Table 3 and Table 4. When there exist three (or five) 4-port CSI-RS resources and cyclic shift is not applied for extended CP case, the rate of the RE imbalance value equal to or larger than 4 RE is 100 % while the RE imbalance is perfectly eliminated for the cases where cyclic shift is applied.

Table 1: Occurrence rate of RE imbalance without cyclic shift in the existence of CSI-RS (Normal CP)
	Number of 4-port CSI-RS resources
	RE imbalance 

	
	0
	2
	4
	6
	8
	10

	1
	0
	1 
	- 
	- 
	- 
	- 

	2
	0.556 
	0 
	0.444
	- 
	- 
	- 

	3
	0 
	0.833 
	0 
	0.167 
	- 
	- 

	4
	0.476 
	0 
	0.476
	0 
	0.048 
	- 

	5
	0 
	0.794 
	0 
	0.198 
	0 
	0.008 

	6
	0.476 
	0 
	0.476
	0 
	0.048 
	- 


Table 2: Occurrence rate of RE imbalance with cyclic shift in the existence of CSI-RS (Normal CP)
	Number of 4-port CSI-RS resources
	RE imbalance

	
	0
	2
	4

	1
	0.600 
	0.4 
	-

	2
	0.333 
	0.645 
	0.022

	3
	0.183 
	0.75 
	0.067

	4
	0.129 
	0.742 
	0.129

	5
	0.143 
	0.659 
	0.198

	6
	0.195 
	0.543
	0.262


Table 3: Occurrence rate of RE imbalance without cyclic shift in the existence of CSI-RS (Extended CP)
	Number of 4-port CSI-RS resources
	RE imbalance 

	
	0
	4
	8
	12
	16

	1
	0
	1
	-
	-
	-

	2
	0.571
	0
	0.429
	-
	-

	3
	0
	0.857
	0
	0.143
	-

	4
	0.514
	0
	0.457
	0
	0.029

	5
	0
	0.857
	0
	0.143
	-

	6
	0.571
	0
	0.429
	-
	-


Table 4: Occurrence rate of RE imbalance with cyclic shift in the existence of CSI-RS (Extended CP)
	Number of 4-port CSI-RS resources
	RE imbalance

	
	0

	1
	1 

	2
	1

	3
	1 

	4
	1 

	5
	1 

	6
	1 


Figure 2 shows simulation results for the cases with different numbers of REs per ECCE (aggregation level 1 is assumed). In this figure, we can observe about 0.5 dB, 1 dB, and 2dB performance loss when 2 REs, 4 REs, and 6 REs are lost per ECCE, respectively. This performance loss can be effectively mitigated by applying the cyclic shift of the EREG indices because such cyclic shift substantially reduces the imbalance in the number of REs per ECCE as analyzed above.  In other words, when cyclic shift is not applied, the RE imbalance of 4 or more REs occurs quite frequently and there is high risk of the performance degradation of more than 1 dB in certain ECCEs. 
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Figure 2: Performance degradation due to the RE imbalance
Proposal: In order to equalize the number of actually available REs for each EREG in a PRB pair, EREG indices are cyclic-shifted according to the OFDM symbol index.

2.2. AP association in distributed EPDCCH
According to the agreement for distributed EPDCCH, each RE in an EREG is associated with an AP and different REs may have different associated AP within a single EREG [1]. This is advantageous to get additional spatial diversity utilizing the APs within an EREG. However, if the APs are not properly allocated, the effect of spatial diversity would be decreased. Thus, it is important to map the DM-RS AP as evenly as possible. We consider some alternatives for the details of AP association rules for each RE as follows [2]:

Alternative 1) Each RE within an EREG is associated with one of two APs alternately without considering colliding signals, and starting port number of all EREG is same.
The first alternative is that the first RE of all EREG is associated with the first AP. This alternative is a simple method to associate AP for each RE, but potential AP imbalance which leads to decreasing diversity order may exist. 
Alternative 2) Each RE within an EREG is associated with one of two APs alternately without considering colliding signals, and the starting AP of EREGs indexed by {0,1,2,3,8,9,10,11} is 107 and the starting AP of EREGs indexed by {4,5,6,7,12,13,14,15} is 109 (108 for extended CP)
This alternative is motivated by the agreement at RAN1#70bis where ECCE composition method was agreed; An ECCE is formed by an EREG group where EREG grouped EREG group #0 {EREG #0,4,8,12}, EREG group #1 {EREG #1,5,9,13}, EREG group #2 {EREG #2,6,10,14}, and EREG group #3 {EREG #3,7,11,15} [4]. To balance the number of APs for an ECCE, half of EREGs in EREG group starts with a certain AP and another half of EREGs in the EREG group starts with a different AP. In alternative 2, AP association pattern is fixed irrespective of subframe configuration, so there is no additional UE complexity in comparison with alternative 1. 
Table 3 ~ Table 6 shows the degree of AP imbalance which is defined by the maximum value among the ratios of the numbers of REs occupied by each port in a certain ECCE. For example, if a certain subframe configuration results in 18 REs for AP 107 and 30 REs for AP 109 for one ECCE and 20 REs for AP 107 and 28 REs for AP 109 for another ECCE, the degree of AP imbalance becomes 1.67 (i.e. 1.67=max{30/18, 28/20}). In this analysis result, we observe that severe AP imbalance can occur in alternative 1 irrespective of the application of the cyclic shift discussed in Section 2.1. In addition, we can observe that alternative 2 effectively mitigates the AP imbalance problem.
Table 3: AP imbalance in alternative 1 (Normal CP)
	Alternative 1
	Legacy PDCCH symbol

	
	0
	1
	2
	3
	4

	Number of CRS port
	0
	w/o CS
	1.25
	1.06
	1.14
	1.25
	1.00

	
	
	w/ CS
	1.25
	1.06
	1.14
	1.25
	1.00

	
	1
	w/o CS
	1.43
	1.21
	1.33
	1.50
	1.20

	
	
	w/ CS
	1.43
	1.21
	1.33
	1.50
	1.20

	
	2
	w/o CS
	1.29
	1.14
	1.25
	1.40
	1.10

	
	
	w/ CS
	1.46
	1.31
	1.45
	1.67
	1.33

	
	4
	w/o CS
	1.50
	1.33
	1.36
	1.56
	1.22

	
	
	w/ CS
	1.73
	1.55
	1.60
	1.88
	1.50


Table 4: AP imbalance in alternative 2 (Normal CP)
	Alternative 2
	Legacy PDCCH symbol

	
	0
	1
	2
	3
	4

	Number of CRS port
	0
	w/o CS
	1.00
	1.06
	1.00
	1.08
	1.00

	
	
	w/ CS
	1.00
	1.06
	1.00
	1.08
	1.00

	
	1
	w/o CS
	1.13
	1.13
	1.15
	1.17
	1.20

	
	
	w/ CS
	1.13
	1.13
	1.15
	1.17
	1.20

	
	2
	w/o CS
	1.00
	1.14
	1.08
	1.18
	1.10

	
	
	w/ CS
	1.00
	1.14
	1.08
	1.18
	1.10

	
	4
	w/o CS
	1.14
	1.15
	1.00
	1.09
	1.00

	
	
	w/ CS
	1.00
	1.15
	1.17
	1.30
	1.22


Table 5: AP imbalance in alternative 1 (Extended CP)
	Alternative 1
	Legacy PDCCH symbol

	
	0
	1
	2
	3
	4

	Number of CRS port
	0
	w/o CS
	1.00
	1.23
	1.17
	1.09
	1.50

	
	
	w/ CS
	1.00
	1.23
	1.17
	1.09
	1.50

	
	1
	w/o CS
	1.14
	1.45
	1.40
	1.33
	1.71

	
	
	w/ CS
	1.33
	1.60
	1.56
	1.50
	2.00

	
	2
	w/o CS
	1.33
	1.60
	1.56
	1.50
	2.00

	
	
	w/ CS
	1.33
	1.60
	1.56
	1.50
	2.00

	
	4
	w/o CS
	1.36
	1.67
	1.59
	1.53
	2.09

	
	
	w/ CS
	1.36
	1.67
	1.59
	1.53
	2.09


Table 6: AP imbalance in alternative 2 (Extended CP)
	Alternative 2
	Legacy PDCCH symbol

	
	0
	1
	2
	3
	4

	Number of CRS port
	0
	w/o CS
	1.00
	1.07
	1.00
	1.09
	1.00

	
	
	w/ CS
	1.00
	1.07
	1.00
	1.09
	1.00

	
	1
	w/o CS
	1.14
	1.08
	1.18
	1.10
	1.11

	
	
	w/ CS
	1.00
	1.08
	1.00
	1.11
	1.00

	
	2
	w/o CS
	1.00
	1.08
	1.09
	1.11
	1.00

	
	
	w/ CS
	1.00
	1.08
	1.09
	1.11
	1.00

	
	4
	w/o CS
	1.17
	1.09
	1.10
	1.00
	1.13

	
	
	w/ CS
	1.00
	1.09
	1.10
	1.11
	1.00


To verify the effect of AP imbalance on the spatial diversity gain, simulations are conducted on each alternative for one exemplary case where the PDCCH length is 1 symbol and CRS has 2 ports under the extended CP; the degree of AP imbalance become 1.6 and 1.08 for the two alternatives (marked in bold type in Table 5 and Table 6). According to the Figure 3, it can be shown that the performance gap between alternative 1 and alternative 2 is about 0.4dB. Therefore, to maximize the spatial diversity gain, we need to mitigate the AP imbalance between used ports, and it is better to differentiate the index of starting AP between the pre-defined set of EREGs as specified by the alternative 2.
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Figure 3: Performance degradation due to the AP imbalance
Proposal: Each RE within an EREG is associated with one of two APs alternately without considering colliding signals, and the starting AP of EREGs indexed by {0,1,2,3,8,9,10,11} is 107 and the starting AP of EREGs indexed by {4,5,6,7,12,13,14,15} is 109 (108 for extended CP)

3. Conclusion
This contribution discussed on the corrections to the EPDCCH resource mapping. The following proposals were made:

Proposal 1: In order to equalize the number of actually available REs for each EREG in a PRB pair, EREG indices are cyclic-shifted according to the OFDM symbol. 
Proposal 2: Each RE within an EREG is associated with one of two APs alternately without considering colliding signals, and the starting AP of EREGs indexed by {0,1,2,3,8,9,10,11} is 107 and the starting AP of EREGs indexed by {4,5,6,7,12,13,14,15} is 109 (108 for extended CP)
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Appendix A. Simulation assumption for Figure 2 and Figure 3
	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	2x2

	Channel model
	ITU_PED_A, UE speed: 3km/h

	EPDCCH type
	Distributed EPDCCH

	Precoding
	Random selection of two orthogonal precoding matrices in Rel-10 Codebook for 2-Tx

	DCI payload
	DCI 1A: 26 (for DCI data) + 16 (for CRC) bits

	ECCE configuration
	Figure 2: 4 ECCEs per PRB pair, 36/34/32/30 REs per ECCE

Figure 3: 2 ECCEs per PRB pair, 52 REs per ECCE 
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