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1
Introduction

In RAN1#68bis, the multiplexing between ePDCCH and PDSCH was finally agreed as:
· “E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))
· Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted”

In other words, the multiplexing is essentially FDM-based such that ePDCCH and PDSCH are transmitted in different PRB pairs. In multiple contributions submitted to the previous meeting, it was mentioned that one PRB pair is too large a unit for a single ePDCCH and hence the PRB pair would need to be further split in case of FDM multiplexing [1].

In this contribution we provide further views on how to map ePDCCHs into the allocated PRB pairs.
2
Splitting the PRB pair
As discussed in [1] and shown again in Table 1, the number of resource elements per PRB pair is too large for a single ePDCCH if we assume that the minimum resource that an ePDCCH may use is around 36 REs.
Table 1. Number of REs available for ePDCCH within one PRB pair as a function of number of CRS ports (#CRS) and number of PDCCH symbols (#PDCCH) for 12 / 24 DM-RS REs.

	#CRS / #PDCCH
	0
	1
	2
	3

	0
	156 / 144
	NA
	NA
	NA

	1
	148 / 136
	138 / 126
	126 / 114
	114 / 102

	2
	140 / 128
	132 / 120
	120 / 108
	108 / 96

	4
	132 / 120
	124 / 112
	116 / 104
	104 / 92


Based on this we concluded that it should be possible to transmit 3-4 ePDCCHs within one PRB pair. Due to power balancing issues, FDM seems to be the best choice for multiplexing within the PRB pair. SDM also does not need to be precluded, and can be enabled by having different UEs monitoring either multiple antenna ports or at least different antenna ports. Hence we repeat that the PRB pairs should be split in frequency into multiple control resource element subsets (note the distinction to eCCE that can be either localized or distributed as discussed later). Typically the number of these subsets would be 3 or 4.
However there are some cases which may require special treatment: For instance, subframes containing CSI-RS may have clearly less REs available per PRB pair for ePDCCH transmissions. Furthermore, special subframes in TDD also have less REs available per PRB pair for ePDCCH transmissions. In these cases the number of REs per RE subset may be too small compared to practical eCCE sizes. There are essentially two options that can be envisioned as a workaround: First is to simply follow the definition that UE may skip decoding whenever the coding rate exceeds some specified value. While this approach is simple it might result in reduced coverage in these particular subframes unless higher aggregation levels (than 8) can be used, since otherwise the coding rate will be high even with aggregation level 8. The other option is to make the number of resource element subsets dependent on the number of REs available for ePDCCH within the PRB pair. This could be achieved for example by setting a minimum size for the resource element subsets and determining the number of subsets based on that.
In some contributions submitted to RAN1#68, an issue regarding equal size of the resource element subsets was raised [2]. Unequal sizes may imply some small performance differences between ePDCCHs transmitted on different resource element subsets. However it is expected that the performance differences would be very small such that the eNB would not need to take this issue into account in ePDCCH scheduling (possibly complicating the scheduling). Hence we do not see currently a strong need to complicate the resource mapping within the PRB pair, rather a simple splitting to for instance equal number of subcarriers may be enough. On the other hand there exist also simple ways to equalize the number of REs per resource element subset if needed.
Proposals:

-
Each PRB pair allocated for ePDCCH is split in FDM manner to multiple control resource element subsets.
-
Variable number of resource element subsets per PRB pair can be considered to account for e.g. CSI-RS and special subframes.

-
The FDM split is done by allocating a number of subcarriers to each resource element subset.
-
If significant problems due to unequal resource element subset sizes are observed, other ways of splitting the PRB can be considered.
3
Mapping of ePDCCHs to resources
It was agreed in RAN1#67 that 

· “Both localised and distributed transmission of the enhanced control channel are supported”

One question to be answered is whether localized and distributed ePDCCH transmissions shall be supported in the same PRB pairs or whether separate PRB pairs are always allocated for each. Related to this, it has been shown in earlier contributions that for proper frequency diversity the distributed ePDCCH transmissions should be distributed to at least four different PRB pairs (diversity order 4), see e.g. [3]

 REF _Ref315093771 \r \h 
[4]. Hence proper frequency diversity would require that at least four PRB pairs are allocated for distributed ePDCCHs. According to earlier discussion this equals capacity for up to 16 ePDCCHs. On top of this may come additional PRB pairs allocated for localized ePDCCHs. Hence with completely separate allocation of PRBs for localized and distributed ePDCCHs the minimum PRB pair allocation may in fact become quite large – it might be better if the eNB would have the freedom to allocate also localized ePDCCHs to the same PRB pairs with distributed ePDCCHs. Especially with narrow bandwidths this may become an issue. It is noted that this is easily achieved by using a certain number of resource element subsets for localized ePDCCH transmission and the rest for distributed ePDCCH transmissions. In other words the resources are still separate but just within the same PRB pairs.

Proposal:

-
Consider enabling resource mapping of localized and distributed ePDCCHs in the same PRB pairs.
3.1
Localized transmission
In PDCCH the control channel resources are split into CCEs and it seems necessary to define something similar for ePDCCH, e.g. eCCEs. Given the above discussion on how to split the PRB pair into resource element subsets, it seems natural that in case of localized ePDCCH transmission, one eCCE maps directly to one of the resource element subsets.
Proposal:

-
In localized transmission, eCCEs are mapped directly to the resource element subsets.
3.2
Distributed transmission
For distributed transmission, obviously the eCCEs need to be distributed in one way or another to the allocated resource element subsets. One way proposed earlier was to reuse the REG-level interleaving that is used for PDCCH. This kind of an approach seems feasible, however there does not seem to be any reason to use resource granularity of larger than one RE (symbol) in the interleaving. In contrast this would result in slight waste of resources as the number of allocated REs needs to match with the resource granularity. Furthermore any problems related to FSTD+SFBC resource mapping do not exist now. Hence one way would be to utilize the sub-block interleaver of TS 36.212 section 5.1.4.2.1 on RE/symbol level.
Proposal:

-
In distributed transmission, eCCEs are interleaved at RE (symbol) –level before mapping to the resource element subsets.
-
For instance the existing sub-block interleaver can be reused.

The proposed resource mapping concept is illustrated in Figure 1.
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Figure 1. Illustration of ePDCCH resource mapping.
4
Conclusions

In this contribution we have discussed resource mapping for ePDCCH. Our proposals are summarized as follows:

Proposals:

-
Each PRB pair allocated for ePDCCH is split in FDM manner to multiple control resource element subsets.

-
Variable number of resource element subsets per PRB pair can be considered to account for e.g. CSI-RS and special subframes.

-
The FDM split is done by allocating a number of subcarriers to each resource element subset.

-
If significant problems due to unequal resource element subset sizes are observed, other ways of splitting the PRB can be considered.

-
Consider enabling resource mapping of localized and distributed ePDCCHs in the same PRB pairs.
-
In localized transmission, eCCEs are mapped directly to the resource element subsets.
-
In distributed transmission, eCCEs are interleaved at RE (symbol) –level before mapping to the resource element subsets.

-
For instance the existing sub-block interleaver can be reused.
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