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Discussion/Decision
1
Introduction
In RAN1 #68bis meeting, the ePDCCH RE mapping in a subframe was extensively discussed and it was recommended to define rules for collision handling between ePDCCH REs and existing signals as the ePDCCH may be transmitted in the PDSCH region. After a lengthy discussion, the followings were captured as next step to progress ePDCCH RE mapping design:
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 focus on the ePDCCH RE mappings with possible methods according to the signals colliding with ePDCCH REs. In addition, the ePDCCH performance according to the methods is also evaluated.
2
Puncturing vs. Rate-Matching
Assuming that ePDCCH may be transmitted from the first OFDM symbol in a subframe for new carrier type supports, RE mapping rules should be defined if other types of signal including all types reference signals, legacy PDCCH, synchronization signals are coexisted in the same subframe. Since the other types of signals have been introduced in previous releases, the ePDCCH REs should not override the legacy signals to guarantee legacy UE performance. Given that the legacy signals are kept in the subframe, puncturing and rate-matching are the options when ePDCCH RE is collided with the signal. However, the puncturing and rate-matching rules need to be defined independently for resource mapping and coding chain.
ePDCCH Resource Mapping
Regarding the resource mapping, puncturing implies that the available number of REs for an eREG/eCCE may be reduced as the number of REs occupied for other signals become larger, resulting in higher effective coding rate for a given number of eCCEs. Therefore, in order to guarantee similar effective coding rate, the aggregation level may need to be adaptively changed according to the configuration in puncturing. On the other hand, rate-matching allows the same effective coding rate for a given number of eCCE irrespective of the number of REs occupied for other signals.
Observation-1: rate-matching is simpler to support the similar effective coding rate as legacy PDCCH
In another aspect, since rate-matching should contain the same number of available REs the eCCE starting point may be changed from a subframe to another according to the configuration of the number of OFDM symbols for legacy PDCCH existence of configurable reference signals including CSI-RS, zero-power CSI-RS, and/or DM-RS overhead for ePDCCH if configurable beween 1 CDM group and 2 CDM groups. Therefore, if any of the signal configurations mentioned above is mis-detected and/or a UE is under an ambiguity period for RRC signaling, the ePDCCH reception for the UE is not possible even with a single CSI-RS transmission in the subframe since the RE position is shifted for all eCCEs. On the other hand, in puncturing, the starting points of all eCCEs are fixed so that a UE may still receive the ePDCCH signals in the same circumstance although the decoding performance is somewhat degraded.
Observation-2: puncturing seems to be much more robust to the configuration error and/or under ambiguity period of RRC configuration
From the observations, although the rate-matching allows a simpler design to support the same effective coding rate as legacy PDCCH, it is not robust to the erroneous situation and/or well-known RRC ambiguity period. Therefore, puncturing seems to be a proper choice if ePDCCH RE is overlapped with other legacy signals except for PDSCH.
Proposal-1: puncturing should be used at least for UE-specific configured signals if ePDCCH RE is overlapped with.
Coding Chain
As different from the resource mapping, the puncturing implies here that coded bit(s) in any RE position occupied by other signals are not transmitted, resulting in losing some of systematic bits according to the configuration. However, the rate-matching is not allocating coded bit(s) in an occupied RE so that the systematic bits may be guaranteed as long as the effective coding rate is not higher than ‘1’. Therefore, in summary, the effective coding rate for both puncturing and rate-matching are the same for a given eCCE but the bit position of coded bits lost at the receiver may be different.
In the section 3, the performance impacts from rate-matching and puncturing are investigated according to ePDCCH aggregation level and CSI-RS configuration. As seen in the results, the rate-matching slightly outperforms puncturing in low aggregation level and the gap becomes negligible as the aggregation level gets higher.
Observation-3: rate-matching slightly outperforms puncturing in low aggregation level and negligible differences in medium to high aggregation level.
As similar with resource mapping, the coded bits located in the RE occupied by UE-specific configured signals should be also punctured although rate-matching provides slightly better performance in order to provide robustness to the configuration errors. Therefore, in order to minimize the performance loss and provide robustness to configuration errors at the same time, the puncturing should be used for UE-specific configured signals and rate-matching could be used for other signals.
Proposal-2: puncturing should be used for UE-specific configured signals and rate-matching could be used for the other signals.
3
Simulation Results
In this section, we evaluate the performance impact from puncturing and rate-matching from coding chain perspective. ePDCCH BLER performance is evaluated with various eCCE aggregation levels and/or number of CSI-RS antenna ports according to the rate-matching and puncturing. The available number of REs per eCCE is reduced as the number of CSI-RS antenna ports. For instance, 4 REs are reduced from 36REs for one eCCE if 4Tx CSI-RS is configured and 16REs are in total reduced if aggregation level 4 is used. The same assumptions are applied for 8Tx CSI-RS configuration.
For ePDCCH transmission, DCI format 0/1A is assumed with distributed transmission over 8 PRB-pairs and closed-loop beamforming is used as an ePDCCH transmission scheme. The further details of simulation assumptions are listed in the table 1.
The figures 1 shows that there is marginal performance difference between puncturing and rate-matching especially in low aggregation level and almost no difference is observed in medium to high aggregation level. As the number of antenna ports for CSI-RS is increased, both rate-matching and puncturing shows slight performance degradation as shown in the figure 2. However, the performance different between rate-matching and puncturing seems to be still negligible except for aggregation level 1.
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Figure 1. Performance impact of puncturing and rate-matching with 4Tx CSI-RS.
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Figure 2. Performance impact of puncturing and rate-matching with 8Tx CSI-RS.

Observation-4: negligible performance difference between rate-matching and puncturing is observed in medium and high aggregation levels. In low aggregation level (e.g., AL-1),  although there is slight performance loss from puncturing, the gap seems to be still insignificant.
4
Conclusions

In this contribution, we discussed the puncturing and rate-matching rules from resource mapping and coding chain perspective. In addition, we evaluated in link-level the performance of ePDCCH with rate-matching and puncturing according to the number CSI-RS ports. From the discussions and observations, we propose followings:
Proposal-1: puncturing should be used at least for UE-specific configured signals if ePDCCH RE is overlapped with.
Proposal-2: puncturing should used for UE-specific configured signals and rate-matching could be used for the other signals.
Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	4x2

	Number of CRS port
	4

	Number of CSI-RS port
	4 or 8 (configuration 0)

	Feedback mode
	PUCCH Mode 1-1

	ePDCCH resource allocation
	Distributed transmission

	Transmission schemes
	Wideband closed-loop beamforming

	Channel models
	SCM-B

	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, 4, 8

	Number of available REs per eCCE
	36REs without CSI-RS configuration

32REs with 4 ports CSI-RS configuration

28REs with 8 ports CSI-RS configuration

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	3

	Channel estimation
	Realistic


