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Discussion and decision
1. Introduction
In RAN#68bis it was decided to continue with the ePDCCH design and to revisit the discussion on the common search space when the design details are clearer. How to handle the mapping of ePDCCH in presence of other signals was indentified as one of the first steps in this design process.

Three possible methods were identified by the chairman [1]:

· 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

This contribution discusses the properties of the three methods suggested for rate matching and mapping to REs and gives some recommendations for the design.
2. Discussion
In the following subsections each of the alternatives, referred to A1, A2 and A3 will be discussed and evaluated according to their properties and performance for different use cases.
2.1 A1: Puncturing of REs including coded symbols
In this option DCI formats are first encoded and rate matched according to the modulation scheme and nominal size of the eCCEs. eCCEs are aligned with PRB pairs (4 eCCEs / PRB pair in the example). The REs which collide with other signals (PDCCH, CRS, CSI-RS, PSS/SSS, PBCH, PRS) are punctured. This method is shown in Figure 1. 

Figure 1. Puncturing of REs including coded symbols
One problem with this approach is that the rate matching is done before the puncturing and because the other signals can be in very different positions depending on PRB pair number as well as the subframe it is difficult to anticipate how the puncturing process actually affects the decoding. The worst case scenario is that several consecutive soft bits for the convolutional decoder are deleted with incorrect detection as a result.
One slight advantage for this approach is that even in the case the UE and eNB have a different understanding on the position of other signals the UE may still be able decode it successfully. It is not, however, clear how often this will happen. It is also noted that the effective size of the eCCEs varies considerably depending on the number of other signals.

Observation 1: A1 brings some reliability in case of synchronization problems but the rate matching process is not reliable. eCCE sizes vary considerably depending on other signals.

2.2 A2: Puncturing of REs from “(e)REG/(e)CCE” with rate matching in coding chain

This approach works by first puncturing those REs in the selected eCCEs, which collide with other signals, and calculating the effective size of the selected eCCEs by only considering those unused REs. Secondly, encoding DCI according to the effective eCCE size and modulation. At last, the modulated symbols are mapped to the unused REs of the selected eCCE. In other words, in this method the coded symbols are rate matched and shifted around the other signals. Figure 2 demonstrates the mapping.

Figure 2. Puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain
This approach is effectively corresponding to the traditional rate matching scheme of the PDSCH. Here the puncturing pattern is created in a controlled way, such that we have equal puncturing over the encoded data stream. Hence we have controlled degradation of the system. Also in this method the effective eCCE size varies considerably depending on the number of other signals.
Observation 2: A2 effectively corresponds to the traditional rate matching scheme of the PDSCH, ensuring puncturing in a controlled way. As eCCE sizes vary considerably depending on other signals different options for the aggregation levels could be considered depending on the presence of other signals. (Large eCCE size AL 1, AL 2, AL 3 and for small eCCE size AL 2, AL 4, AL 8)
2.3 A3: Rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals

The REs in the ePDCCH resource PRB pair are first punctured after which the eREGs/eCCEs are created from the unused REs. Then the DCI is encoded according to the size of the selected eCCEs and the modulation. Finally the modulated symbols are mapped to the selected eCCEs.
In this method all eCCEs have the same size but they do not exactly fill up a PRB pair. If we continue the ePDCCH into another PRB pair this is similar to the legacy PDCCH mapping, as shown in A3.1. If we align the eCCEs with the PRB pairs by puncture all symbols outside the first PRB pair, as seen in the lower part of the figure A3.2, we have something similar to A2 with a shortened last eCCE. The two variants of this method are shown in Figure 3.


Figure 3. Rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
A3.1 is better suited for a separate distributed ePDCCH region, where interleaving is done on an eREG basis over a number of distributed PRB pairs. Due to equal eCCE size and distributed resources equal performance for the eCCEs can be achieved.
A3.2 (like A2) is better suited for a localized region, where eCCEs are aligned with the PRB pairs for better determination of the reference signals as well as a possibility to reuse control resources for PDSCH. The first eCCEs will have an equal size and the last eCCE is punctured to exactly fill the PRB pair. The size of the last eCCE varies considerably depending on other signals. In general A3.2 is similar to A2 and does not have any clear advantages over A2.
Observation 3: A3.1 uses a constant size eCCEs and is corresponding to legacy PDCCH mapping and it is therefore applicable to a distributed ePDCCH region. A3.2 is similar to A2 and can be considered for mapping ePDDCHs for localized transmissions. The size of the last eCCE varies considerably depending on other signals.
2.4
Localized versus distributed regions
One approach for the ePDCCH design is to have different regions for localized and distributive ePDCCH transmissions. The reason for this is that these two transmission types use resources that are by nature incompatible and inefficient to schedule in the same region as they easily start to block each other. For localized transmission there is a preference to align the eCCEs to the PRB pairs due to reference signal design as well as resource reuse for PDSCH. Distributive transmissions should be interleaved on a fine (eREG) level over several distributed PRB pairs for best performance. Regarding the mapping of localized and distributed regions we make the following observation:
Observation 4: In case there are separate regions defined for localized and distributive transmissions different mappings should be applied. For the localized region A2 (or potentially A3.2) is the best choice due to eCCE alignment to PRB pairs and good rate matching properties. For the distributive mapping A3.1 could be considered as it allows fine level distribution, equal eCCE performance as well as good rate matching properties.
3. Conclusions
In this contribution three rate matching and mapping methods have been discussed with the following observations and conclusions.

Observation 1: A1 “Puncturing of REs including coded symbols” brings some reliability in case of synchronization problems but the rate matching process is not reliable. eCCE sizes vary considerably depending on other signals.

Observation 2: A2 “Puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain” effectively corresponds to the traditional rate matching scheme of the PDSCH, ensuring puncturing in a controlled way. As eCCE sizes vary considerably depending on other signals different options for the aggregation levels could be considered depending on the effective size of the eCCE. (For large eCCE size AL 1, AL 2, AL 3 and for small eCCE size AL 2, AL 4, AL 8)
Observation 3: A3.1 “Rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals” uses constant size eCCEs and is corresponding to legacy PDCCH mapping and it is therefore applicable to a distributed a ePDCCH region. A3.2 is similar to A2 and can be considered for mapping ePDDCHs for localized transmissions. The size of the last eCCE varies considerably depending on other signals.
Observation 4: In case there are separate regions defined for localized and distributive transmission different mappings should be applied. For the localized region A2 (or potentially A3.2) is the best choice due to eCCE alignment to PRB pairs and good rate matching properties. For the distributive mapping A3.1 could be considered as it allows fine level distribution, equal eCCE performance as well as good rate matching properties.
Based on these observations we propose the following.

Proposal 1: Adopt A2 “Puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain” as the mapping method for localized ePDCCHs

Proposal 2: In case a separate region for distributive transmissions is defined consider A3.1 “Rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals” as the mapping rule in that region.
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