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1. Introduction

In RAN1 68bis meeting, extensive discussions have taken place on ePDCCH search space design. Companies still have different preferences on several key ePDCCH design issues, such as the definitions of eREG and eCCE, eCCE to RE mapping in presence of other overhead signals, localized and distributed ePDCCH multiplexing in the same PRB pair. These aspects are critical in finalizing the ePDCCH design and may impact on other enhanced control channel designs, such as UERS based ePHICH. This contribution shares our views on these issues.
2. ePDCCH to RE Mapping in Presence of Other Signals
Two alternatives can be summarized from the discussions in the last meeting for ePDCCH to RE mapping in presence of other signals such as legacy control region, CRS and CSI-RS:

Alt. I: Puncturing the ePDCCH REs that collide with the REs of other signals.
Alt. II: Rate matching in the ePDCCH coding chain and mapping around the REs of other signals.
The performances of these two alternatives are tested in a heavily punctured backward compatible carrier (puncturing ratio around 30%) and a lightly punctured new carrier type (puncturing ratio around 14%). The simulation results are shown in Fig.1. The locations of the punctured REs, except for CSI-RS REs, are known to the receiver for Alt. I and the receiver treats the received signals on the known punctured REs as zero LLR ePDCCH REs and treat unknown punctured REs still as ePDCCH REs. The detailed assumptions can be found in the appendix. From the simulation results, we make two observations:
Observation 1: In a heavily punctured backward compatible carrier the performance degradation of Alt. I is more severe than Alt. II. The AGGL1 of alternative I can hardly work in this scenario.
Observation 2: In a lightly punctured new carrier, the performance difference between Alt. I and Alt. II is much smaller than in a heavily punctured BCC.
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Fig.1. Performance comparison between Alt. I and Alt. II in NCT ( 14% puncture rate ) and legacy ( 30% puncture rate )
Besides the link level performance, other aspects such as UE complexity and DCI decoding ambiguity during overhead reconfigurations should also be considered in order to down-select between the two alternatives. Table 1 compares the two alternatives from those perspectives.
Table 1. Comparison of Alt. I (puncturing based) and Alt. II (rate matching based)
	
	Alt I. (Puncturing based)
	Alt II. (Rate matching based)

	Link level Performance
	Can hardly work for high puncturing ratio;
Worse performance for low puncturing ratio
	Better performance 

	DCI decoding ambiguity
	No DCI decoding ambiguity during overhead reconfiguration
	UE should know the configuration of other signals correctly; 
UE can’t decode ePDCCH if it doesn’t know the overhead of other signals

	UE complexity
	Low complexity because of no rate matching
	High complexity because UE needs to adjust the rate matching block according to different overhead


Based on the comparisons above each alternative seems to have its own advantages and disadvantages. Instead of applying only puncturing and only rate matching to all types of overhead, we can adaptively apply puncturing and rate matching to different types of overhead for optimizing the performance for both backward compatible carrier and new carrier.
In a backward compatible carrier UE should have known CRS configuration, control region size, PSS/SSS, PBCH, PRS before it decodes ePDCCH. Since these signals consume a large number of REs, rate matching is suitable for these REs because high puncturing ratio can make ePDCCH performance unacceptable. In addition, since the receiving power of the CRS can be much higher than the ePDCCH data signal in some scenarios such as distributed RRH systems, the large CRS interference on the punctured REs worsens the performance degradation. For control signals with a smaller size and a more dynamic nature, puncturing can be applied. For example, CSI-RS REs are indicated using RRC signaling and its overhead is also relatively small. It is better to apply puncturing to avoid reconfiguration caused decoding ambiguity. For another example, ePHICH, if introduced, has a dynamic load driven by uplink traffic. In [7], we showed that using ePHICH to puncture the ePDCCH enables more efficient RE sharing between ePHICH and ePDCCH. Based on the simulations and analysis in this section we have the below proposal:
Proposal 1: Apply rate matching for legacy control region, CRS, PSS/SSS, PBCH, PRS, DMRS (24REs) and apply puncturing for CSI-RS and ePHICH.
3. Aggregation Levels of Localised and Distributed Transmission
In RAN1 68bis meeting, several companies propose to use different aggregation levels for localized and distributed ePDCCH transmissions [1]. For example, only aggregation levels 1, 2 and 4 are used for localized ePDCCH transmission. In [2], it was proposed to exclude AGGL 8 from localized transmission. The argument is that the localized transmission of AGGL 8 may be spread wide enough in frequency such that it is hard to benefit from the gains of beamforming and frequency domain scheduling in localized transmission. However, this may not be true. Let’s take an example. We assume that subband CSI feedback such as mode PUSCH 3-1 is used for PDSCH transmission, eNB relies on the same subband CSI for ePDCCH localized transmission, and eNB is configured with 4 PRB pairs to transmit ePDCCH. In this case, eNB can still select two PRBs out of four to transmit the AGG 8 ePDCCH. In other words, the eNB can still rely on subband CSI feedback to achieve some frequency domain scheduling gain.
Furthermore as analyzed in [3], if a small number of UEs are scheduled in one subframe, a localized ePDCCH with a larger AGGL can result in a higher utilization efficiency than a distributed ePDCCH transmission with a smaller AGGL because unused ePDCCH PRB pairs can be allocated for PDSCH using the DCI in the ePDCCH.  Because ePDCCH and PDSCH are not allowed to coexist in the same PRB pair in Rel. 11, one localized ePDCCH with AGGL 8 maybe more efficient than one distributed ePDCCH with AGGL 4 when the control load is low. Therefore, we don’t see strong justifications to remove AGGL 8 from the localized ePDCCH transmission.
Proposal 2: Keep the same aggregation levels for both localized and distributed transmissions.

4. Localised and Distributed ePDCCH Multiplexing in Same PRBs
On one hand, since distributed ePDCCH requires the least CSI feedback to operate, UE should always search for distributed ePDCCH candidates in any subframe that contains ePDCCH. And it’s also reasonable to only map CSS to distributed ePDCCH candidates. On the other hand, depending on the availability of CSI and control load, localized ePDCCH transmission maybe able to achieve higher spectrum efficiency for both ePDCCH and PDSCH. Allowing both localized ePDCCH and distributed ePDCCH candidates to be multiplexed in the same subframe gives eNB the most flexibility to transmit control information according to the instantaneous CSI and control load. 
Whether to allow localized ePDCCH and distributed ePDCCH to be multiplexed in the same PRB pair is still under discussions. In last meeting, most companies support multiplexing localized and distributed ePDCCH in the same PRB pair [4]. With this flexibility, the resources allocated for ePDCCH can be used more efficiently compared to forcing localized and distributed ePDCCHs transmitted in different PRB pairs. For example, if eNB wants to transmit one DCI using localized transmission and the other one using distributed transmission in one subframe, 4 PRB pairs might be sufficient to carry these two DCIs to get sufficient frequency diversity. However, simultaneous transmission of distributed ePDCCH and localized ePDCCH are not possible with 4 PRB pairs if distributed ePDCCH and localized ePDCCH are not allowed to share the same PRB pairs.
Proposal 3: Localized and distributed ePDCCH should be allowed to share the same PRB pair.
5. Legacy PDCCH Fallback
In RAN1 68bis, many companies proposed to support CSS in ePDCCH [5]. When CSS is supported in ePDCCH, a following up issue is how to decode the DCIs in CSS given that UE may not know the position of ePDCCH at the initial access stage. Two alternatives can be considered: 

1) Introducing a fallback operation of detecting CSS candidate on legacy PDCCH [6]. The fallback is useful to establish RRC connection at UE’s initial access or during an ePDCCH reconfiguration. However, the fallback operation introduces high complexity because UE needs to do CRS based channel estimation on whole system bandwidth in legacy control region even though it only wants to decode very few PDCCH candidates. 
2) Since UE needs to know the position of CSS in ePDCCH in a standalone NCT during UE’s initial access, it’s consistent to define the same solution for backward compatible carrier as in the standalone NCT. For example, predefined PRBs can be assigned in frequency domain to carry the DCIs or initial RRC connection. Thus it’s better to define CSS in ePDCCH also in Rel. 11.
Proposal 4: Define CSS in ePDCCH instead of a fallback operation in Rel.11.
6. Conclusion
In this contribution, we discussed several critical issues in ePDCCH search space design in order to finalize the ePDCCH in Rel. 11. Based on our simulations and analysis, we re-iterate our proposals below:
Proposal 1: Apply rate matching for legacy control region, CRS, PSS/SSS, PBCH, PRS, DMRS (24REs) and apply puncturing for CSI-RS and ePHICH.
Proposal 2: Keep the same aggregation levels for both localized and distributed transmissions.

Proposal 3: Localized and distributed ePDCCH should be allowed to share the same PRB pair.

Proposal 4: Define CSS in ePDCCH instead of a fallback operation in Rel.11.
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8. Appendix

Table 1 Simulation Parameters

	Parameter
	Value

	System bandwidth
	10 MHz

	Channel model
	SCM-E 3kmph 

	Antenna configuration
	xx->+, for SCME 

	CSI Feedback
	PUSCH 3-1

	MCS
	QPSK/rank 1

	DCI size
	26 bits carried by AGL 1 or AGL 2

	Channel estimation
	2D-MMSE

	Receiver
	Basic MMSE

	Reference signal
	4 CSI-RS ports / 4 UERS ports/ 2 CRS ports for legacy CC; 1 CRS port for NCT

	OFDM symbols for legacy control
	1 for legacy CC; 0 for NCT


