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1. Introduction
The mapping of ePDCCH is dependent upon the subframe configuration which varies according to the reserved signals and physical channels such as reference signals, synch signals or PBCH. In this contribution, we discuss about the issues of the handling of mapping of ePDCCH in presence of these signals and channels.
2. Discussion
The available resources for ePDCCH are determined considering the allocation of the reserved signals which take precedence over the ePDCCH. Therefore, the adaptive and flexible resource mapping is required to allocate the DCI messages into the variable type of resource map for the subframe. However, if it does not cause the problems on the performance issues, it is worthwhile to consider the simplified or fixed mapping patterns to prevent from increasing complexity of resource mapping ignoring the presence of other signals. Likewise, the RE mapping of each CCE can be also performed before the allocation of the reserved signals which can cause the imbalance on the RE mapping. If the performance loss due to the decreased channel coding gain from imbalanced mapping of RE is marginal, the RE mapping prior to the allocation of the other signals is acceptable. In addition, the signals transmitted within certain part of the band, e.g. PSS/SSS/PBCH, makes the ePDCCH mapping issues even more complicated. Considering the trade off relation between the complexity and performance aspects, we will discuss more details on how to handle these issues.
2.1. Puncturing and Rate Matching

For the mapping of CCE in legacy PDCCH, only CRS, PHICH and PCFICH are considered for the reserved signals and channels. However, various signals and channels are considered for the mapping of ePDCCH. In case of mapping of the allocation of the PDSCH resources, both rate matching and puncturing schemes are used in the channel coding chain to extend or shorten the coded bits from the encoder output. Similarly, when ePDCCHs are mapped after allocating all the reserved signals, it can be regarded as rate matching scheme. When ePDCCHs are allocated before the allocation of reserved signals, it is punctured according to the pattern of the allocation of the reserved signals.

If the performance of puncturing is comparable to the rate matching scheme, the puncturing can be a good alternative for the ePDCCH mapping and it can be much more simplified. However, the performance of the puncturing is assumed to be inferior to that of the rate matching in general. The location of the allocated reserved signals can be regarded as the puncturing pattern of the DCI message and the pattern varies widely according to the subframe configurations and eCCE-to-RE resource mapping pattern. Therefore, if the RE mapping pattern is not designed considering the association with the subframe configurations, an arbitrary puncturing pattern may be generated. The sophisticated puncturing pattern which reflects and responds to all the possible subframe configurations is required. For the performance comparison between rate matching and puncturing scheme, we assumed several simplified puncturing patterns as shown in Figure 1. The first one illustrates the actual puncturing pattern and others are some simplified pattern of different types. When the code rate of the DCI message is low enough, the performance gap between two schemes is expected to be marginal. However as the code rate is increased, the puncturing pattern is likely to be more important. Figure 3 through Figure 4 shows the simulation results of performance comparison of DCI messages with aggregation level 1. 
For the rate matching scheme, the code rate for the DCI message is adjusted according to the available ePDCCH region after the allocation of other reserved signals. For the puncturing scheme, the DCI messages are mapped into the whole PRB pair at first. The number of total REs in each PRB pair is 168 and the size of eCCE before allocation of other signals was 42 REs at first, assuming the PRB pair is divided into 4 eCCEs. Then, it is punctured by the reserved signals, e.g. CRS, PDCCH or DM-RS. In Figure 2, the eCCE is punctured to 39REs and only 3REs are discarded. The performance gap between rate matching and puncturing is still marginal in this case. In Figure 4, 10 REs are punctured, which is a large portion of the eCCE and the performance gap between the puncturing and rate matching scheme is rather obvious.
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Figure 1. Performance of rate matching and puncturing scheme
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Figure 2. Performance of rate matching and puncturing scheme (puncturing 3REs/eCCE)
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Figure 3. Performance of rate matching and puncturing scheme (puncturing 6 REs/eCCE)
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Figure 4. Performance of rate matching and puncturing scheme (puncturing 10 REs/eCCE)
Proposal: According to the evaluation results on rate matching and various puncturing schemes, it is found that rate matching scheme is more effective for mapping the ePDCCH into PRB pair.

2.2. RE Mapping

For the simplicity of mapping of ePDCCH REs, it was proposed to perform mapping of REs before the presence of other signals. It has the advantage that a fixed RE mapping pattern can be used for decoding each eCCE but has the problem that the distribution of REs through eCCEs can be imbalanced and the size of eCCE size can be also different from each other. As observed in the simulation result in [1], losing a few REs in an eCCE can leads to non-negligible performance loss when the coding rate is low (i.e., DCI size is large and/or aggregation level is low).
 Thus, for the optimization of the performance, it is preferred to perform eCCE-to-RE mapping in consideration of other signals as much as possible. As the pattern of UE-specific RS and CRS have no or very limited variations, at least the presence of those signals should be avoided in determining the REs used for each eCCE. One simple way of doing this is to the assign the available REs (i.e., REs not used for the considered signals) sequentially to each eCCE in the frequency or time first manner. 
Some other signal may be present after the above-mentioned RE assignment to eCCE if the signal is not under the consideration. For example, if only UE-specific RS and CRS are considered in the RE assignment, the presence of CSI-RS needs to handled for ePDCCH transmission/reception. As the UE knows on which REs CSI-RS is configured, the UE can know that such REs are not used for ePDCCH transmission, thereby discarding those REs in the ePDCCH reception. This operation also results in the imbalance between the number of REs of each eCCE, and for the best performance, the presence of CSI-RS may be considered as well in assigning the REs to eCCE. However, considering that there are so many combinations of multiple CSI-RS configurations, it would be challenging to avoid mapping CSI-RS REs to eCCE. If this is the case, it can be considered to discard CSI-RS REs after the RE mapping to eCCE without its existence, but, in order to minimize the impact of RE number imbalance, the RE mapping rule should be carefully designed such that the RE number imbalance can be minimized. Figure 5 illustrates an example of RE mapping pattern which can minimize the impact of CSI-RS configuration by avoiding assigning two REs belonging to one CSI-RS configuration to a single resource set where different resource sets are used for different eCCEs or multiple resource sets are used for a single eCCE depending on the detailed eCCE-to-RE mapping rule. A similar consideration can be done for any other signal/channel.
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Figure 5. An example of RE mapping pattern considering the balanced size of resource set

Proposal: UE-specific RS and CRS are avoided in determining the ePDCCH RE set, and the additional rules can be considered to minimize the imbalance of REs per eCCE.
2.3. Handling of PSS/SSS/PBCH
In the subframes where the PSS/SSS/PBCH is transmitted, the UE-specific RS is conflicted due to the location of the PSS symbol and ePDCCH cannot be configured in the center 6 RBs.
For the narrow band system, it is difficult to schedule the ePDCCH resources avoiding the RBs occupied by PSS/SSS/PBCH. Then, it is appropriate to use the legacy PDCCH for that subframe, and the usage of legacy PDCCH and ePDCCH can be changed by subframe-wise. For the new carrier type, if the method to avoid the collision between UE-specific RS and PSS/SSS/PBCH is determined, ePDCCH can be configured in the same RBs for that subframe where the PSS/SSS/PBCH is transmitted.

Proposal: In case of the confliction between UE-specific RS and PSS/SSS/PBCH at the same resource, this resource is difficult to be used for ePDCCH mapping. Therefore, it is needed to develop the enhanced rules for mapping the ePDCCH into PRB pair considering this type of collision.
3. Conclusion
This contribution discussed on the handling of mapping of ePDCCH in the presence of other signals. The following proposals were made:
Proposal 1: According to the evaluation results on rate matching and various puncturing schemes, it is found that rate matching scheme is more effective for mapping the ePDCCH into PRB pair.
Proposal 2: UE-specific RS and CRS are avoided in determining the ePDCCH RE set, and the additional rules can be considered to minimize the imbalance of REs per eCCE.
Proposal 3: In case of the confliction between UE-specific RS and PSS /SSS/PBCH at the same resource, this resource is difficult to be used for ePDCCH mapping. Therefore, it is needed to develop the enhanced rules for mapping the ePDCCH into PRB pair considering this type of collision.
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Appendix A. Simulation assumption for Figure 2~4
	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	2x2

	Channel model
	ITU_PED_A, UE speed: 3km/h

	Tx scheme
	closed loop beamforming

	Codebook
	Rel-10 Codebook for 2-Tx

	PMI granularity
	Wideband

	PMI periodicity
	each 10ms

	Modulation
	QPSK

	DM-RS configuration
	port 7

	DCI payload
	42 (for DCI) + 16 (for CRC) bits

	eCCE configuration
	L-CCE: 4 eCCEs per PRB pair, 42 REs per eCCE
(rate matched or punctured to 39/36/32 REs)
Interleaved mapping of eCCE in a PRB pair



































































































































� The results in [1] can be interpreted in the following way: For the normal subframe case, 12 RE overhead case corresponds to 36+3 REs per eCCE while 24 RE overhead case corresponds to 36 REs per eCCE. For the special subframe case (2eCCE per PRB pair), 12 RE overhead case corresponds to 42+6 REs per eCCE while 24 RE overhead case corresponds to 42 REs per eCCE. With this understanding, the results can be interpreted as the comparison between eCCEs with different size.
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