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1. Introduction

At the RAN WG1 #68bis meeting, resource mapping schemes for the ePDCCH were intensively discussed [1] – [2] and the following guidelines were established for further study.
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 [3], we proposed a resource mapping scheme for the ePDCCH that supports both distributed transmission and localized transmission. In this contribution, we first clarify the above three methods regarding resource mapping of the ePDCCH. Then, we present our views on the methods taking into account simulation results.
2. Methods for Resource Mapping of ePDCCH
The following three methods for resource mapping of the ePDCCH were identified at the RAN WG1 #68bis meeting.

· Alt. 1: Puncturing of REs including coded symbols

· Alt. 2: Puncturing of REs from “(e)REG/(e)CCE” with rate matching in coding chain

· Alt. 3: Rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
Figure 1 shows examples of these alternatives when the mapping scheme proposed in [3] is applied. Prior to the coding chain, we first discuss the aspect of resource element (RE) mapping, i.e., puncturing of REs for the other signals, or rate-matching around REs for the other signals. It is reasonable to apply rate matching around REs for the DM-RS regardless of the alternatives since the DM-RS always exists in the ePDCCH for demodulation purposes.

Proposal 1: Rate matching around REs should be applied to the DM-RS.

Except for handling of REs for the DM-RS, Alts. 1 and 2 apply puncturing of REs for the other signals while Alt. 3 applies rate-matching around REs for the other signals. In Alts 1 and 2, a PRB pair is divided into several regions, e.g., four regions, and each region is associated with the minimum unit of the control channel, control channel element (e)CCE. If there are 36 REs in a unit, it is referred to as a CCE; otherwise, it is referred to as an eCCE. We note that the (e)CCE may be further divided into eREGs to achieve the frequency diversity gain for distributed transmission. Since REs for the (e)CCE include REs for the other signals such as legacy PDCCH, CRS, and CSI-RS, these REs used for the other signals are punctured from the (e)CCE. The advantage of puncturing the REs is that the number of (e)CCEs within a PRB pair becomes an integer and the same definition of (e)CCEs can be applied to both localized and distributed mapping. However, the number of REs in an (e)CCE varies depending on the number of OFDM symbols for the legacy PDCCH, CRS, and CSI-RS. Although this may affect the link adaptation for the ePDCCH, such an impact will not be significant. 
On the other hand, in Alt. 3, rate matching around REs is applied to the legacy PDCCH, CRS, and CSI-RS. In this case, a CCE of 36 REs is most likely to be used for simplicity. One potential advantage of this alternative is that the number of REs is constant regardless of the other signals and link adaptation for the ePDCCH will be easier for Alt. 3 than that for Alts. 1 and 2. However, we note that different link-level performance levels between the ePDCCH and legacy PDCCH necessitate different link adaptation for the ePDCCH and legacy PDCCH. The disadvantage of this alternative is that the number of CCEs may not be an integer, and hence multiplexing of different DCIs may not be straightforward and some REGs remain unused when localized transmission is applied. 
Based on the discussion above, we give higher priority to efficient resource mapping and resource utilization that are achieved by puncturing REs for the legacy PDCCH, CRS, and CSI-RS. Therefore, we prefer Alt. 1 or 2 to Alt. 3.
Proposal 2: Puncturing REs should be applied to the legacy PDCCH, CRS, and CSI-RS.
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Figure 1 – Examples of resource mapping for ePDCCH.
3. Proposed Resource Mapping of the ePDCCH

In this section, the mapping scheme applying Alts. 1 and 2 is presented for both localized and distributed mapping. A performance comparison between Alts. 1 and 2 is also presented when distributed transmission is employed. The ePDCCH should be able to adapt to a variety of propagation channel models because of the mobility of the UE and poor fading channel conditions. According to [4], when comparing the ePDCCH to the legacy PDCCH, it was shown based on the simulation results that the diversity order of four is considered to be necessary. Below, we present the mapping scheme for the ePDCCH that includes localized mapping to achieve the frequency scheduling gain and distributed mapping to achieve the frequency diversity gain.
3.1
Localized Mapping
Figure 2 shows the localized mapping scheme when 4 PRB pairs (#1, #4, #8, and #10) are configured for the ePDCCH and 16 (e)CCEs can be used. In this case, the (e)CCEs are simply mapped over the PRB pairs as shown in Fig. 2. In the localized mapping, search space (SS) should be designed such that the SS candidates for each aggregation level are located over multiple PRB pairs in order to achieve frequency selective scheduling gain. We also note that the eREGs in the second slot are cyclically shifted such that the (e)CCE is spread within a PRB pair and the number of REs becomes similar among different (e)CCEs in a PRB pair.
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Figure 2 – Localized mapping.
3.2
Distributed Mapping
Figure 3 shows the distributed mapping scheme when 4 PRB pairs are configured for the ePDCCH and 16 (e)CCEs can be used. The case of a two-(e)CCE aggregation level is considered below. It is preferred to support a mechanism to obtain the diversity gain for a small number of REs, i.e., two (e)CCEs. In order to achieve a frequency diversity order of 4, each (e)CCE is further divided into 2 eREGs as shown in Fig. 1. In the distributed mapping scheme shown in the figure, the (e)CCE in the first slot (one eREG in this case) is cyclically mapped over different PRB pairs in order to achieve the frequency diversity gain. As shown in Fig. 3, (e)CCEs #0 and #1 are mapped over PRB pairs #1 #4, #8, and #10. In this way, the diversity order of four is ensured for a case of more than one (e)CCE. For the case of one (e)CCE, a higher diversity order can be attained by employing the transmit diversity technique for the ePDCCH.
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Figure 3 – Distributed mapping (2 eCCE aggregation level).

3.3
Performance Comparison between Alts. 1 and 2
We evaluate the performance of the ePDCCH to use it as a basis for comparison between Alts. 1 and 2. Distributed mapping described in Section 3.2 is used for the ePDCCH. The simulation conditions are given in Table I in the Annex. We assume 2, 4, and 8 CCEs, which corresponds to 72, 144, and 288 REs when we assume 24 REs for the DM-RS antenna port. The set of PRBs used for distributed transmission comprise the 0th, 16th, 32nd, and 48th PRBs. The payload size of the DCI is set to 42 bits for 10 MHz assuming DCI format 2C. Figure 4 shows a performance comparison between Alts. 1 and 2. For comparison, we also plotted the performance of the legacy PDCCH. For the transmit diversity scheme, SFBC is applied to the legacy PDCCH and RB-based cyclic beam-forming is assumed for the ePDCCH. The block error rate (BLER) is plotted as a function of the received SNR with the CCE as parameters. The figure shows that puncturing (Alt. 1) and rate matching (Alt. 2) exhibit almost the same performance for 4 and 8 CCEs. However, Alt. 2 provides slightly better BLER performance than Alt. 1 since some systematic bits are punctured in Alt. 1. Based on the simulation results, we have a slight preference toward applying rate matching in terms of the coding chain (Alt. 2).
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Figure 4 – BLER performance comparison between Alts. 1 and 2.
Observation: Rate matching in the coding chain exhibits slightly better BLER performance than puncturing in the coding chain.

4. Conclusion

In this contribution, we presented our views on the resource mapping of the ePDCCH from the viewpoint of the handling of the REs and the coding chain. Regarding handling of the REs, puncturing REs for the legacy PDCCH, CRS, and CSI-RS can provide simple and efficient resource mapping for the ePDCCH compared to rate matching around REs. As a consequence, we derived the following proposals.
Proposal 1: Rate matching around REs should be applied to the DM-RS.

Proposal 2: Puncturing REs should be applied to the legacy PDCCH, CRS, and CSI-RS.

In terms of the coding chain, we made the following observation.

Observation: Rate matching in the coding chain exhibits slightly better BLER performance than puncturing in the coding chain.

Therefore, we have a slight preference toward applying rate matching to the coding chain for the ePDCCH transmission.
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Annex

Table I – Simulation Conditions

[image: image6.emf]System bandwidth 10 MHz (50 RBs)

Number of sub-carriers 600

Number of OFDM symbols for PDCCH 1 and 3

Transmitter / receiver antenna configuration 4 x 2 (TM9: Closed-loop MIMO)

DCI format DCI format 2C

Number of bits for DCI 42 bits

Aggregation level 2, 4, and 8 CCEs

Number of PRBs for ePDCCH 4 PRBs

Number of REs for DM-RS 24 REs

FFT timing detection Ideal

Channel estimation Practical

Path model SCM-E
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