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Discussion/Decision
1
Introduction
In RAN1 #68bis, the multiplexing of localized and distributed transmissions in a subframe was discussed. Three alternatives have been proposed as following:
· Alt-1: localized and distributed transmissions shall not be transmitted in the same subframe at least from a UE perspective. Hence, a Rel-11 UE monitors either localized or distributed transmission in a subframe for a UE-specific search space.

· Alt-2: localized and distributed transmissions can be transmitted in the same subframe and multiplexed in different PRB-pairs. Therefore, the total number of PRB-pairs configured as ePDCCH resource is divided into localized or distributed resource(s).

· Alt-3: localized and distributed transmissions can be transmitted in the same subframe and multiplexed in the same PRB-pair. Therefore, any eCCE candidate for localized or distributed transmission can be transmitted in all ePDCCH resources in the subframe as far as the resource falls under UE-specific search space.  
In order to progress the ePDCCH design in Rel-11, one of the alternative should be agreed as it is related to ePDCCH resource definition as well. Therefore, in this contribution, we discuss on the alternatives for the multiplexing of localized and distributed transmissions.
2
Multiplexing of ePDCCH transmissions
It has been agreed that both localized and distributed transmissions for ePDCCH design are supported as UEs may have different channel conditions in a cell. It is well known that the localized transmission exploiting frequency selective scheduling gain and/or beamforming gain performs well if an eNB scheduler has valid channel state information for the UE. On the other hand, the distributed transmission may provide robust ePDCCH transmission even though valid CSI information is not available at the eNB scheduler. As similar with previous releases, the DCI-1A based fall-back transmission scheme should be also supported in combination with the other DCI based transmission schemes with ePDCCH, which implies that distributed transmission should be supported in all downlink subframes even in the case that a UE is configured with closed-loop transmission mode. Therefore, a UE-specific search space may contain both localized and distributed transmissions while a distributed transmission should be contained at least for the fall-back transmission in all subframes. Therefore, the multiplexing of localized and distributed transmission should be based on either Alt-2 or Alt-3
Proposal-1: the multiplexing of localized and distributed transmission should be based on either Alt-2 or Alt-3.

In Alt-2, the PRB-pairs configured for ePDCCH transmission should be divided for localized and distributed transmission assuming that both localized and distributed transmission are used in the same subframe. This may results in performance degradation for both as it restricts frequency selective scheduling flexibility and/or frequency diversity gain. The link-level performance of localized and distributed transmissions with Alt-2 and Alt-3 is shown in the figures 1 and 2. In the simulation, a uniformly distributed 2N PRB-pairs are assumed for ePDCCH resource and N PRB-pairs are respectively used for localized and distributed transmissions in Alt-2. On the other hand, all PRB-pairs are used for localized and/or distributed transmission in Alt-3. Other details of simulation assumptions are listed in the table 1.

The figure 1 shows the BLER performance of ePDCCH distributed transmission according to the aggregation levels and multiplexing alternatives. Since N=8 is used, only 4 PRB-pairs are available for Alt-2 distributed transmission while all PRB-pairs are available for Alt-3 distributed transmission. For Alt-2, the 4 PRB-pairs which are uniformly distributed over system bandwidth are selected to maximize the frequency diversity gain. As a transmission scheme, per-RB based random beamforming is used in order to increase the frequency selectivity. From the figure 1, it is seen that the frequency diversity gain is limited if Alt-2 is used as a multiplexing method and the performance gap seems to be significant.    
[image: image1.png]ePDCCH BLER

1.00E-01

1.00E-02

1.00E-03

4x2 SCM-B distributed transmission

e

1=
7

I
e dil
=

*

—
>,

—
=

-5

0 5 10 15 20 25 30
SNR (dB)

=¥ 1eCCE, Alt-2
=@ 2eCCE, Alt-2
=== 4eCCE, Alt-2
—4—1eCCE, Alt-3
——2eCCE, Alt-3
—#—4eCCE, Alt-3





Figure 1. BLER performance of ePDCCH distributed transmission with Alt-2 and Alt-3 (N=4)

In the figure 2, shows the performance of ePDCCH localized transmission. As similar with distributed transmission, only 4 PRB-pairs are available for frequency selective scheduling for Alt-2 while all available PRB-pairs are used for Alt-3. As seen in the figure 2, due to the scheduling restriction, the performance of Alt-2 is degraded.
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Figure 2. BLER performance of ePDCCH localized transmission with Alt-2 and Alt-3 (N=4)

Observation: Alt-3 provides significant performance gain for both localized and distributed transmission as it provides higher frequency selective scheduling flexibility and/or frequency diversity gains. The gain could be more significant if the number of PRBs for ePDCCH becomes smaller in a subframe.

Proposal-2: the multiplexing of localized and distributed transmission resources in a same PRB-pair is allowed
4
Conclusions

In this contribution, we discussed on the multiplexing method for localized and distributed transmission. Also, the ePDCCH performance is evaluated according to the alternatives. From the discussions and observations, we propose followings:

· Both localized transmission and distributed transmission are allowed in the same subframe from a UE perspective.

· The multiplexing of localized and distributed transmission within a same PRB-pair is supported

Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	4x2

	Number of CRS port
	2

	Feedback mode
	PUSCH 3-2 for localized transmission
N/A for distributed transmission

	ePDCCH resource allocation
	Distributed within 8 PRBs

	Transmission schemes
	UE-specific BF for localized transmission
Per-RB based RBF for distributed transmission

	Channel models
	SCM-B

	Number of PRBs for ePDCCH in a subframe
	8

	Codebook for PMI reporting
	Rel-8

	Velocity [km/h]
	3

	DM-RS pattern
	Rel-10 (Port-7)

	DCI format for ePDCCH
	Format 0/1A

	Aggregation level [# of eCCE]
	1, 2 and 4

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	2

	Channel estimation
	Realistic


