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1
Introduction
In RAN1#66bis, the following was proposed as an agreement on multiplexing between PDSCH and ePDCCH:

· “PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

· A PRB pair may contain parts of different ePDCCHs to different UEs

· Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM

· How to multiplex ePDCCHs within a PRB pair is FFS”


However no agreement could be made, and in [1] we have provided further views on multiplexing between PDSCH and ePDCCH. On PRB pair level, our preference is FDM multiplexing meaning that ePDCCH can be mapped to both slots. In this case, to utilize the allocated resources as well as possible, there is a need to further split the PRB pair into multiple eCCEs. In this contribution we discuss the multiplexing of ePDCCHs within one PRB pair.
2
Number of eCCEs within one PRB pair
The number of resource elements within one PRB pair is shown in Table 1 in terms of number of CRS ports and number of PDCCH symbols for both 12 / 24 DM-RS 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


The number of REs ranges from 92 to 156. In current PDCCH, CCE size is 36 REs and it can be quite safely assumed that also for ePDCCH, the size of one eCCE should be of the order of 30-40 REs in order to keep the resource efficiency high for UEs in good radio conditions. Based on this, the PRB pair should be split into 3-4 eCCEs.
Observation:
· If FDM is adopted for multiplexing between PDSCH and ePDCCH on PRB pair level, the PRB pair needs to contain 3-4 eCCEs in order to keep resource efficiency high enough.
Problem with defining exactly how many eCCEs one PRB pair contains is that the number of available REs depends on the CRS and PDCCH configuration as well as the number of DM-RS REs that the UE needs to assume as overhead. One possible approach is that the PRB pair contains always four eCCEs, and some limitations are introduced in terms of search space when the number of REs corresponding to one eCCE is too low. Note that fixing the number of eCCEs to be only two would mean poor efficiency when the number of CRS ports and the number of PDCCH symbols are small. Three eCCEs per PRB pair could on the other hand also provide good efficiency.
3
Multiplexing alternatives
In terms of multiplexing schemes, all usual multiplexing schemes are in principle available for splitting the PRB into multiple eCCEs, i.e. FDM, TDM and CDM. Additionally, ePDCCHs may be multiplexed spatially (SDM) with MU-MIMO.
Power control has been an important feature of PDCCH and should remain possible also for ePDCCH. From this perspective TDM might not be the best multiplexing candidate due to the usual power balancing problems associated with it. FDM, CDM and SDM support power control properly. However, CDM may also be problematic from the perspective of finding suitable codes: As mentioned, the number and location of available REs depends on CRS, PDCCH etc. Unless requirement of having the elements of each code located close to each other on the resource grid is relaxed and more flexible resource mapping for the codes is allowed, it seems rather difficult to apply CDM in this context. 
Hence, FDM seems like a suitable choice also for multiplexing multiple eCCEs within one PRB pair. SDM can also still be enabled such that multiple ePDCCHs can be spatially multiplexed within the eCCEs. This can most likely be fully standard-transparent. However, it is noted that the maximum number of ePDCCHs within one PRB pair will become anyway limited by the number of DM-RS ports that can be associated with the ePDCCHs. Here our assumption is that there are four DM-RS ports (7-10) available for ePDCCH demodulation [2] as also the agreement in RAN1#67 states:

· “At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS”

Considering also that up to four eCCEs can fit within one PRB pair, with the combination of FDM and SDM one can multiplex up to four ePDCCHs within one PRB pair. The four ePDCCHs can be transmitted using aggregation level 1 each, where each eCCE is associated with one DM-RS port. Alternatively, four ePDCCHs can be multiplexed using aggregation level 2 spatially multiplexed. These are illustrated in Figure 1 below. Obviously lower multiplexing orders and higher aggregation levels can be used, e.g. with aggregation level four one would be able to multiplex still two ePDCCHs spatially within the PRB pair. We note that the related search space definitions are FFS. Some details of related DM-RS port to ePDCCH association are discussed in [2].
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Figure 1. Two options for multiplexing four ePDCCHs within one PRB pair.
On the other hand, as mentioned, the number of eCCEs within the PRB pair could as well be defined to be three. This requires further study, however the same multiplexing schemes are still applicable.
Proposals: 
· Within one PRB pair, ePDCCHs are multiplexed using a combination of FDM and SDM.
· One PRB pair will contain three or four frequency-multiplexed eCCEs.
In the above discussion we have mainly focused on localized transmission of ePDCCHs. However, distributed transmission shall also be supported for diversity transmission purposes. In order to properly capture diversity impacts, diversity order of four may be required as shown in [3]

 REF _Ref315093771 \r \h 
[4]. From this perspective it would be beneficial to transmit some of the eCCEs in distributed manner by for example mapping pieces of one eCCE to four different PRB pairs. The distributed eCCEs can be transmitted either in the same PRB pair with localized eCCEs, or separate PRB pairs can be allocated for distributed and localized eCCEs. A simple way to make localized and distributed allocations co-exist in the same PRB pair is to make some of the eCCEs within a PRB pair distributed. For example, in case of four eCCEs per PRB pair the last one or two eCCEs could be distributed, and in case of three eCCEs per PRB pair the last eCCE could be distributed.
Proposals: 
-
Some eCCEs within the search space of the UE may be transmitted in distributed manner.

-
The distributed eCCEs are mapped to four different PRB pairs.
4
Conclusions

In this contribution we have discussed multiplexing of ePDCCHs within a PRB pair given FDM multiplexing between ePDCCH and PDSCH on PRB pair level. The number of REs available within one PRB pair is large, hence it should be possihle to multiplex multiple eCCEs within one PRB pair.
Observation:

· If FDM is adopted for multiplexing between PDSCH and ePDCCH on PRB pair level, the PRB pair needs to contain 3-4 eCCEs in order to keep resource efficiency high enough.
We discussed different alternatives for multiplexing ePDCCHs within one PRB pair. Our proposal is:
Proposals: 
· Within one PRB pair, ePDCCHs are multiplexed using a combination of FDM and SDM.
· One PRB pair will contain three or four frequency-multiplexed eCCEs.
Finally, some of the eCCEs should be available for distributed transmissions providing diversity order four, hence we propose the following:
Proposals: 
-
Some eCCEs within the search space of the UE may be transmitted in distributed manner.

-
The distributed eCCEs are mapped to four different PRB pairs.
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