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1. Introduction
The following agreements were made in RAN1# 70 and RAN1 #69:

Agreement: 

· The group of REs defined in 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 (FFS which two APs)  
Agreement:

· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation
· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.
· FFS whether a second AP with the same precoding as the one AP may be configured. 
· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP
· A many-to-one mapping can be considered further
· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

On the other hand, agreements on search space of EPDCCH were made in RAN1 #70bis as follows:

Agreement (per CC):

· Maximum K = 2. KL and KD have following combinations: { KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N = {2, 4, 8}

· N=8 is not supported when system bandwidth is <8 PRBs

· FFS whether further system bandwidth related restrictions to valid combinations of values of N and K can be agreed

· FFS whether to include N=16 for distributed. 
Conclusion: No consensus to introduce RRC signalling for configuration selection. 

In this contribution, we try to discuss further details on the antenna port association of localized EPDCCH.
2. Discussion 
2.1 Relaxation on channel estimation complexity
From [1] and [2], we see different views on antenna port association of localised EPDCCH. One channel estimation per PRB pair is proposed in [2] for relaxation on channel estimation complexity. Meanwhile, in [1] it is concluded the channel estimation complexity for localized transmission is mariginal compared to the corresponding complexity of distributed transmission. Generally it is true that distributed transmission has more channel estimation complexity based on the agreement that there are two APs used in one PRB pair when the number of configured EPDCCH PRB pairs of an EPDCCH set becomes lager. In the worst case if there is no two candidates of localised transmission share the same AP association, the total number of channel estimation is 24 if the supported ALs are 2, 4, 8, 16 and there are 4 ECCEs in a PRB pair (8 AL candidates need 2 AP and 16 AL candidates needs 4 AP) no matter how many PRB pairs are configured for the EPDCCH sets. On the other hand, if 2 EPDCCH sets with 8 PRB pairs are configured for distributed transmission, it costs 32 channel estimations which are larger than the maximum value 24 of localized transmission. With large number of configured PRB pairs of EPDCCH sets, distributed transmission is expected to suffer from higher channel estimation complexity than localized transmission.
However, we are still not convinced by [1]. Since it is agreed that maximum two EPDCCH sets can be configured for one UE, a possible combination is that two EPDCCH sets consist of one localized EPDCCH set and one distributed EPDCCH set. As in our companion contribution [3], biased split of BD candidates between localized set and distributed sets is proposed. When the number of available REs in a PRB pair is less than Xthresh, an example is that 3, 4, 2, 1 BD candidates are assigned for aggregation level 2, 4, 8, 16 of the localized set and 1, 2, 2, 1 BD canaidates are assigned for aggregation level 2, 4, 8, 16 of the distributed set. Considering the worst case that both sets have 8 PRB pairs, the distributed set costs 16 channel estimations and the localized set may cost 3+4+2*2+4*1=15 channel estimations. There are total 31 channel estimations. If two distributed EPDCCH sets with 8 PRB pairs are configured, 32 channel estimations are needed. We can see they have similar channel estimation overhead. On the other hand, if localized EPDCCH sets are configured, it is expected that aperiodic CSI feedback will be triggered often and therefore will increase UE complexity. As a result, we still think relaxation on channel estimation for localized transmission can be helpful as proposed in [2]. 

Nevertheless, as proposed in our comanion contribution [3], we believe the BD candidates of localized transmission should be uniformly distributed among the configured PRB pairs of an EPDCCH set. As a result, share the same AP for the BD candidates of one aggregation level as proposed in [2] is rarely possible with this assumption. Therefore, we would like to introduce another similar solution to let BD candidates from different aggregation levels which are multiplexed in the same PRB pairs share the same AP to reduce channel estimation complexity. The associated APs are first selected by one-to-one mapping by ECCE index. One AP per PRB pair is selected among the associated APs of these BD candidates according to C-RNTI. The behaviour is similar and can be regarded as an extension of the case that one DCI message uses multiple ECCEs in the PRB pair. For example, if BD candidates of aggregation level 1 and 2 are multiplexed in the same PRB pairs (ECCE 1 and 2 are occupied by one AL 2 BD candidate and ECCE 4 is occupied by another AL 1 BD candidate), fig.1 shows how to obtain the final AP for demodulation. The asscoaited APs are first acquired by ECCE index (AP 107, 108 and 110 in this example) and a UE selects AP from the associated APs based on the order by 
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 is 0, AP 107 is selected as the final used AP. On the other hand, if 
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 is 2, then AP 110 is chosen.
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Figure1 An example of selecting antenna port(s)

Simulations are run to evaluate the performance of the proposed method. Blocking probability, resource efficiency and number of average channel estimations are evaluated. Two aggregation level distributions [60%, 30%, 6%, 4%] and [30%, 60%, 6%, 4%] are evaluated in the simulation. eNB tries to allocate low aggregation level candidates at first. If they are all blocked, eNB can resort to higher aggregation levels. There are total 20 UEs. However, the actual number of UE having EPDCCH transmission is a simulation parameter from 2 to 20. There are total 3 EPDCCH sets. Each UE is configured by 2 sets. All 20 UEs monitor one primary EPDCCH set. For the two secondary sets, 10 UEs are configured for each. eNB tries to allocate BD candidates of primary set at first and if they are all blocked, eNB can resort to secondary set. A BD candidate is reagarded as blocked if the corresponding antenna port or ECCEs are used by other UEs. The UE-specific search space used in this simulation is assumed as follows which is proposed in our companion contribution to make uniformly distributed BD candidates for localized transmission [3]:


[image: image6.wmf]ë

û

ë

û

i

L

N

M

L

N

m

Y

L

j

Set

L

j

Set

k

+

þ

ý

ü

î

í

ì

ú

û

ú

ê

ë

ê

+

/

mod

)

/

*

(

_

,

ECCE

)

(

_

,

ECCE


The simulation results are depicted in fig.2 and fig.3 for corresponding aggregation level distributions [60% 30% 6% 4%] and [30% 60% 6% 4%]. For the [60% 30% 6% 4%] case, from fig.2 it is shown that a little loss on blocking probability and resource efficiency if only one AP is used per PRB pair. However, the average number of channel estimations per UE can be reduced by 39% from 13 to 8. About 5 channel estimations are saved per UE. For the [30% 60% 6% 4%] case, we can see the loss on blocking probability and resource efficiency is nearly vanished due to lower usage of aggregation level 1. Yet, it is noticed that we still have the same 39% reduction on the average number of channel estimations and about 5 channel estimations are saved per UE. From the simulation results, we see clear benefits from using only one AP for the BD candidates multiplexed in the same PRB pair and just a little negative effect on blocking probability and resource efficiency. As a result, using one AP per PRB pair for localized EPDCCH transmission seems to be a reasonable approach.
Proposal 1: For localized transmission, only one AP is used for demodulation for all BD candidates multiplexed in the same PRB pair.
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(a) Blocking probability                             (b) Average number of used PRBs
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(c) Number of average UE channel estimations
Figure 2 Peformance comparisons with one AP and multiple AP per PRB, AL distribution [60% 30% 6% 4 %]
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(a) Blocking probability                             (b) Average number of used PRBs
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(c) Number of average UE channel estimations
Figure 3 Peformance comparisons with one AP and multiple AP per PRB, AL distribution [30% 60% 6% 4 %]
2.2 AP selection for localized transmission
Considering the AP association, C-RNTI-based scheme is simpler than RRC configuration and we see nearly no benefits from RRC configuration. Considering C-RNTI only scheme and C-RNTI with subframe number scheme, our view is C-RNTI only scheme is sufficient. The reason is that it is foreseeable that UE-specific search space would vary with subframe number, if two UEs want to apply MU-MIMO are blocked by each other in this subframe, in next subframe they usually have different search space and are not blocked by each other again.
Proposal 2: Considering AP selection for localized transmission, the scheme with C-RNTI only is sufficient and subframe number is not needed.
3. Conclusion
In this contribution, we discuss the antenna association of ePDCCH and propose to:
Proposal 1: For localized transmission, only one AP is used for demodulation for all BD candidates multiplexed in the same PRB pair.
Proposal 2: Considering AP selection for localized transmission, the scheme with C-RNTI only is sufficient and subframe number is not needed.
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Appendix
Table 1 Simulation assumptions

	Maximum number of UE
	20

	Number of EPDCCH sets from eNB side
	3

	Number of EPDCCH sets from UE side
	2

	Number of PRB pairs in one EPDCCH set
	4

	Number of ECCE per PRB pair
	4

	Aggregation level
	1, 2, 4, 8

	Number of BD candidates for each aggregation level
	3, 3, 1, 1 for primary set

3, 3, 1, 1 for secondary set

	Distribution of aggregation levels
	1. [60% 30% 6% 4%]

2. [30% 60% 6% 4%]

	Number of simulation times per point
	5000
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