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1. Introduction

In RAN1#68bis, the following next steps were made on the design of ePDCCH:

Next steps:

· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

· Then consider “(e)REG/(e)CCE” definitions 

· Then determine necessary aggregation levels and relationship to localised and/or distributed transmission. 
· Consider whether multiplexing of localised and distributed ePDCCH parts is needed in same PRBs
· Study “fallback” operation and need for localised and distributed USS candidates in same subframe
In this contribution, we discuss the fallback operation of ePDCCH.
2. Discussion 
In RAN1#68bis, several contributions [1-4] mentioned the issue of fallback operation of ePDCCH. Rel-8/9/10 UE blindly decodes both TM-dependent DCI and fallback DCI (i.e. DCI 0/1A) in legacy PDCCH to make sure fallback transmission when TM-dependent DCI is not supportable. It is reasonable for UE configured for ePDCCH to monitor both DCIs in a similar way. For those UEs configured for distributed ePDCCH, it is intuitive to have both DCI to be transmitted on distributed ePDCCH. Both DCIs are transmitted on the same physical resource with no additional channel estimation efforts. On the other hand, for the localised case, how to transmit fallback DCI becomes unclear. Basically there are three possible channels for fallback DCI transmission:

Alt.1. Legacy PDCCH

Alt.2. Distributed ePDCCH

Alt.3. Localised ePDCCH

If fallback DCI for localised ePDCCH is transmitted on legacy PDCCH, The ambiguity problem during e PDCCH configuration can also be solved. Nevertheless, since ePDCCH targets on reduction on PDCCH capacity, it may be inappropriate for every fallback DCI to be transmitted on PDCCH. For Alt.2, UE monitors TM-dependent DCI in localised ePDCCH search space and fallback DCI in distributed search space.Yet, monitoring both spaces requires additional channel estimation complexity and channel estimation complexity is regarded as an important issue in the ePDCCH antenna port association discussion. As a result, further channel estimation complexity reduction is needed for Alt.2. For Alt.3, since fallback DCI is usually transmitted when there is no realiable channel information. It may require larger resources to make robust transmission and result in inefficient resource usage. It seems that each solution has its tradeoff and no one dominates the others. We slightly prefer Alt.3 if decisions should be made upon this three alternatives for its lower complexity on UE.
However, there may be some other possibilities if the decoding candidates of localised ePDCCH are distributed on frequency domain to achieve the frequency-selective scheduling gain as discussed in our companion paper [5]. If the decoding candidates of localised ePDCCH are paritially distributed on frequency domain, the physical resources (i.e. PRB pairs) occuipied by partially distributed localized EPDCCH decoding candidates can be reused for distributed fallback DCI transmission as in Fig.1. While one localised decoding candidate is still localised on frequency domain, one fallback decoding candidate is distributed on frequency domain but occupies the partial physical resources from each localized EPDCCH decoding candidates. And the associated antenna port for fallback DCI transmission can follow the same antenna port for localized EPDCCH transmission. As a result, there is no additional channel estimation/detection complexity on fallback DCI for reusing the same physical resources of localised ePDCCH and robust fallback DCI performance can be ensured by distributed transmission.
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Figure 1. An example of reusing the physical resources of localised decoding candidates for distributed fallback DCI transmission
Proposal1: For distributed ePDCCH, TM-dependent DCI and fallback DCI are transmitted on the same physical resources.
Proposal2: For localized ePDCCH, if decoding candidates for localized ePDCCH are distributed on frequency domain, the occupied physical resources can be reused for distributed fallback DCI transmission. Otherwise, localized fallback DCI transmission is preferred.
3. Conclusions

In this contribution, the fallback operation for ePDCCH is discussed. We propose to:
Proposal1: For distributed ePDCCH, TM-dependent DCI and fallback DCI are transmitted on the same physical resources.
Proposal2: For localized ePDCCH, if decoding candidates for localized ePDCCH are distributed on frequency domain, the occupied physical resources can be reused for distributed fallback DCI transmission. Otherwise, localized fallback DCI transmission is preferred.
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