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1
Introduction

In RAN1#68bis, the ePDCCH resource mapping was extensively discussed. No agreements were reached but the next steps on the resource mapping design were outlined as follows:
“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 address the mapping of ePDCCH in presence of other signals, i.e. the first main bullet point of the above conclusion.
2
Puncturing versus rate matching
For ePDCCH mapping in presence of other signals, as listed in the agreed next step in RAN1#68bis, there are currently three schemes to consider [1]:

Scheme 1: Puncturing of REs including coded symbols
Scheme 2: Puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain
Scheme 3: Rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
In both scheme 1 and scheme 2, the eREG/eCCE mapping is fixed independently of configuration of other signals. The only difference lies in the rate matching, where scheme 2 actually maps the coded bits/symbols to available REs only while in scheme 1 the output of rate matching is always the same and the coded symbols are punctured according to available REs. In scheme 3, both the eREG/eCCE mapping as well as the number of eREGs/eCCEs may change depending on configuration of other signals.
To compare the schemes we first look at the root of the issue, i.e. when is the presence of other signals actually causing problems to ePDCCH resource mapping. Essentially the problems would be related to having different assumptions about the available REs among UEs or between the eNB and the UE.
2.1
Co-existence of ePDCCH with other signals
The signals co-existing with ePDCCH can be classified into following groups:

· Cell-specific signals/channels, which include PSS/SSS/PBCH/CRS: These signals are known by all UEs after initial access, hence ePDCCH collisions with these signals/channels could be easily avoided.
· UE-specific RS, which are always present in the configured ePDCCH PRB pairs, and are hence known by all UEs. The main question is whether there are 12 or 24 REs for UE-specific RS but this overhead assumption can be also pre-defined. Then there will be no problems with co-existence of UE-specific RS and ePDCCH.
· CSI-RS, which are configured UE-specifically. Hence different UEs may in principle have different non-zero-power CSI-RS configurations; however typically UEs would be configured with zero-power CSI-RS on REs where other UEs are configured with non-zero-power CSI-RS. The same applies also to interference measurement resources (IMR). Then, typically the overall resource elements occupied by either zero-power or non-zero power CSI-RS would be the same for all UEs, and any other case could be considered as an error configuration. Hence from this point of view, ePDCCH mapping could avoid co-existence problems with CSI-RS. However, we also need to consider the potential problems that may happen during CSI-RS reconfigurations. There is an uncertainty period during which the eNB and the UE may have different understanding about whether the new configuration applies. Moreover, since CSI-RS are UE-specifically configured, there may be a period when not all UEs have the same understanding about the CSI-RS configuration, and the available REs for ePDCCH. 
· Legacy DL control channel, the region size of which is common to all UEs and can be known by UEs from PCFICH detection. However, rather than relying on PCFICH the UE should follow a UE-specifically configured ePDCCH starting symbol. In this case, while in typical scenarios it would probably make sense to configure all UEs with the same ePDCCH starting symbol, the same problems as related to CSI-RS may exist during reconfigurations.

It is worth noting here that even if ePDCCH common search space (eCSS) would not be specified in Release 11, to be forward compatible and future proof, we need to consider the impact of eCSS to the ePDCCH mapping design. For instance, some idle mode UEs accessing the system for the first time, e.g, low cost MTC UEs, might not have any configuration for ePDCCH starting position or CSI-RS when monitoring the eCSS. In such a case, there may be actually different understanding about the existence of CSI-RS between the UEs, and there may also be different assumptions between UEs about ePDCCH starting position. Hence forward compatibility towards eCSS should be taken into account for ePDCCH mapping, and keeping this in mind there may be problems with ambiguities regarding available REs between the UEs.
In summary we identify the ambiguities related to available REs to happen mainly in context of reconfigurations and possibly in context of monitoring of eCSS. It is noted that during the reconfigurations it could be possible to fall back to PDCCH common search space. However in case of eCSS, the UE would not be monitoring PDCCH common search space. Rather the fallback would be to eCSS, and unless the resource mapping is carefully designed, any reconfigurations impacting the available REs for ePDCCH could cause ambiguities regarding eCSS resource mapping.
Observations:

-
There are cases where either different UEs or UE and the eNB do not share common understanding about the resource elements available for ePDCCH within a PRB pair.

-
Forward compatibility to support eCSS should be ensured (if not specified already in Release 11).
-
Requires non-ambiguous rate matching and RE mapping.
2.2
Comparison of the schemes

We start the analysis from scheme 3 in which the eREGs and eCCEs are mapped around other signals. Bearing in mind the potential ambiguity of CSI-RS configuration and/or ePDCCH starting symbol, scheme 3 in which rate matching for coding chain and mapping of eREG/eCCE are around the other signals, may actually imply ambiguities in eCCE/eREG mapping between UEs. Hence scheme 3 does not seem like a feasible solution. In Figure 1, we show an example to illustrate the problems with scheme 3. In this example, we assume localized eCCEs constructed from interleaved eREGs of 2 REs. Due to different understanding about available REs, the 2 UEs see different eREG mappings, which results in partially overlapping (localized) eCCEs. Due to the fact the eCCEs will collide with each other, not only the decoding will likely fail but also MU-MIMO of ePDCCH would become very difficult. Based on the analysis, we can conclude that scheme 3 is not feasible. To avoid the problems as in scheme 3, the  eCCE/eREG positions need to be fixed, i.e. not mapped around different signals/channels except maybe those signals known to all UEs in all situations, for instance UE-specific RS.
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Figure 1. Example of ambiguities in ePDCCH mapping with scheme 3.
Observations:

-
Mapping of eREGs/eCCEs around other signals (scheme 3) may lead to ambiguities in eREG/eCCE mapping between the eNB and the UE as well as between different UEs.

-
Resource collisions between eCCEs decoded by different UEs.
-
RE mapping ambiguities between the eNB and the UE, e.g. during reconfigurations.
Scheme 2 avoids resource collisions between UEs in case of localized eCCEs as the eREG and eCCE locations are fixed, see Figure 2 below for example (fixed eCCE locations). However, there is still an ambiguity regarding rate matching for common DCIs (eCSS). This is seen in the example of Figure 2 such that different UEs will assume different mapping of the coded symbols within the REs. Since not all UEs have same understanding about the available REs, then not all UEs will assume same rate matching as required by common DCIs. Hence we conclude that scheme 2 might not provide sufficient forward compatibility towards eCSS either. Another problem is that during reconfigurations there may be an ambiguity between the eNB and the UE about RE mapping and hence about rate matching. 
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Figure 2. An example of rate matching in case of scheme 2: While eREGs/eCCEs are in the same position regardless of available REs, the location (and number) of the coded DCI symbols will vary.
Observations: 

-
Rate matching based on available REs (scheme 2) may lead to ambiguities in rate matching between the eNB and the UE.

-
Furthermore, ambiguities in rate matching of common DCIs are introduced.

Scheme 1 enables invariant RE mapping. All UEs share common understanding about both the eREG/eCCE mapping as well as the rate matching independently of configuration of other signals. Then the only ambiguities that may happen are regarding which REs are punctured as shown in Figure 3. However, this can be considered a smaller issue without much impact to ePDCCH multiplexing since the eNB can always compensate for possible puncturing with power boosting and/or by using higher aggregation levels. The key point to note is that under all circumstances the UEs are aware of how the coded symbols map to the RE grid. In addition to the ambiguity issues, another advantage of scheme 1 to be noted is that it requires the least specification efforts among the 3 schemes. Since the eREG/eCCE mapping is fixed without considering other signals, there is no need for a subframe-specific, or PRB-specific eREG/eCCE definition, and no need for methods for ambiguity handling. Hence we prefer scheme 1.

Observation:

-
Scheme 1 (puncturing REs including coded symbols) avoids the ambiguities related to mapping the coded symbols to REs.

-
The only ambiguities are related to which REs are punctured.
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Figure 3. An example of scheme 1: UEs have the same understanding about the mapping of coded symbols onto the RE grid. Ambiguities happen only regarding which REs are punctured.
In Table 1, we summarize the potential ambiguities caused by each of the ePDCCH resource mapping schemes.

Table 1. A summary of potential ambiguities related to each ePDCCH mapping scheme.

	
	Potential ambiguity

	
	eREG/eCCE mapping (UE/UE)
	eREG/eCCE mapping
(UE/eNB)
	Rate matching (UE/UE)
	Rate matching (UE/eNB)
	RE puncturing

	Scheme 1
	No
	No
	No
	No
	Yes

	Scheme 2
	No
	No
	Yes (eCSS)
	Yes
	No

	Scheme 3
	Yes
	Yes
	Yes
	Yes
	No


3
Conclusions
In this contribution we have discussed the three options for mapping ePDCCH in presence of other signals. We identified that there may be ambiguities related to RE mapping and rate matching between UEs or between the eNB and UE due to different UE-specific (re-)configurations. This aspect needs to be taken into account considering forward compatibility towards eCSS. Hence, since there are also no performance differences expected between the schemes, our preference is to follow scheme 1, i.e. “puncturing REs including coded symbols”. Since UE-specific RS are always present in ePDCCH PRB pairs, including the new carrier type, it can be further considered whether rate matching around UE-specific RS could be used.
Proposal:
-
ePDCCH REs including coded symbols are punctured by other signals.
-
Rate matching around UE-specific RS can be considered (FFS).
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