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1
Introduction

Considering the design of enhanced PDCCH (E-PDCCH), agreement and working assumption are made in RAN1#67 as follows:

Agreement from RAN1#67:

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

· At least for localised 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

Working assumption from RAN1#67:

· There are no cases where CRS is used for demodulation of the enhanced control channel.
The following working assumption is agreed in RAN1 #66bis that the enhanced PDCCH should also satisfy

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
In this contribution, we discuss the possible candidates on mulplexing of different DCI messages based on the above working assumptions and agreements. It is noted that the reference signal usage and the multiplexing with PDSCH are also related to this issue and are discussed in our companion contributions [1-2].
2
Discussion 
2.1 Multiplexing of different DCI messages in a PRB pair
Consdiering multiplexing of different DCI messages, the first problem is whether only one or more DCI messages can be coexisted in a PRB pair. With 3 OFDM symbols of legacy PDCCH, 4 CRS ports, 1 UE-DMRS CDM group and 8 CSI-RS ports, there are still nearly 100 available REs in a PRB pair. Compared to 1 CCE with 36 REs, It is obviously that there should be more than one DCI message in a PRB pair to achieve finer granularity. 
Generally, the multiplexing of different DCI messages in a PRB pair can be simply implemented either by FDM or TDM. As discussed in our companion paper [2], the R-PDCCH like TDM design can reduce the blind decoding time and ease the UE implementation complexity. However, it is noted that the number of available REs in the first and the second time slots are imbalanced. This imbalance can bring low scheduling flexibility at eNB and also affects the reliability of control channel. On the other hand, FDM provides far balanced partition. For example, the 12 subcarriers can be divided into 3 groups and each group has comparable REs. Yet, decoding latency becomes a problem if FDM of different DCI messages is chosen.
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Figure1. TDM of different DCI messages in a PRB pair      Figure2. FDM of different DCI messages in a PRB pair
We believe that TDM of different DCI messages should be chosen for its ability to reduce the decoding latency. The balanced number of REs can be achieved by multiplexing boundary shift, i.e., slot border is no longer used as the multiplexing boundary but with shift of several OFDM symbols. For example, we use a simple formula 
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 to calculate the number of OFDM symbols for boundary shift, where 
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 denotes the number of OFDM symbols of legacy PDCCH. It is shown in appendix that the maximum RE difference of the two slots can be reduced to 12 under various configurations.
Another point needs to be noticed is that no matter TDM or FDM are used for multiplexing of different DCI messages, the number of available REs depends on the corresponding configurations. As a result, the size of E-PDCCH can be far away from 1 CCE = 36 REs. This may degrade the control channel granularity.

Proposal1: The number of DCI messages in a PRB pair should be more than one.

Proposal2: Multiplexing of different DCI messages in a PRB pair should be TDM and the number of RE difference between two slots can be reduced by multiplexing boundary shift.

2.2 Multiplexing between distributed scheme and localised scheme

It is agreeded that both distributed and localised scheme are supported for E-PDCCH. Considering that both schemes should coexist in a subframe, the multiplexing between both schemes should be discussed. Among all the possible designs, whether distributed scheme and localised scheme can be multiplexed in a PRB pair should be discussed firstly.
If both schemes are multiplexed in a PRB pair, the antenna ports should be partitioned into two groups for these two different schemes and it result in further complicated reference signal usage. However, several advantages can be achieved when these two schemes are multiplexed in a PRB pair. First, as mentioned above, under various possible confirgurations, the number of RE in a slot can be far away from 1 CCE. If the distributed scheme reuses the REG-based design similar to R-PDCCH [3] and legacy PDCCH [4], the distributed scheme can be used to refine the granularity of localised scheme. It is shown in appendix that with multiplexing boundary shift the number of RE in a slot often exceeds the size of 1 CCE = 36REs. It is also noted that the basic unit for mapping the distributed scheme to RE is 1 REG = 4 REs. As a result, in a slot, a group of nearly 36 REs can be reserved for localised scheme and the other remaining REs are used by distributed scheme. This provides finer granularity for E-PDCCH. Another merit is that the distributed scheme can be spreaded further widely in the frequency domain for lower number of RE in a slot. Better frequency diversity is expected.
In conclusion, we believe multiplex these two schemes in a PRB pair would be suitable for E-PDCCH. Nevertheless, the corresponding reference signal usage and search space design should be carefully studied.

Proposal3: Distributed scheme and localized scheme can be multiplexed in a PRB pair.

3
Conclusions

In this contribution, we discuss the multiplexing of different DCI messages and propose to
Proposal1: The number of DCI messages in a PRB pair should be more than one.

Proposal2: Multiplexing of different DCI messages in a PRB pair should be TDM and the number of RE difference between two slots can be reduced by multiplexing boundary shift.
Proposal3: Distributed scheme and localized scheme can be multiplexed in a PRB pair.
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Appendix A- The RE Difference with Multiplexing Boudary Shift
	Configuration
	OFDM symbols for PDCCH
	CP
	CRS
	CSI-RS
	UE-RS CDM group
	Multiplexing Boundary Shift
	Slot 1 REs
	Slot 2 REs
	RE difference
(slot1-slot2)

	0
	0
	Normal
	2
	2
	1
	0
	68
	70
	-2

	1
	0
	Normal
	2
	4
	1
	0
	66
	70
	-4

	2
	0
	Normal
	2
	8
	1
	0
	62
	70
	-8

	3
	0
	Normal
	4
	4
	1
	0
	62
	66
	-4

	4
	0
	Normal
	4
	8
	1
	0
	58
	66
	-8

	5
	1
	Normal
	2
	2
	1
	1
	68
	62
	+6

	6
	1
	Normal
	2
	4
	1
	1
	66
	62
	+4

	7
	1
	Normal
	2
	8
	1
	1
	62
	62
	0

	8
	1
	Normal
	4
	4
	1
	1
	62
	58
	+4

	9
	1
	Normal
	4
	8
	1
	1
	58
	58
	0

	10
	2
	Normal
	2
	2
	1
	1
	56
	62
	-4

	11
	2
	Normal
	2
	4
	1
	1
	54
	62
	-8

	12
	2
	Normal
	2
	8
	1
	1
	50
	62
	-12

	13
	2
	Normal
	4
	4
	1
	1
	54
	58
	-4

	14
	2
	Normal
	4
	8
	1
	1
	50
	58
	-8

	15
	3
	Normal
	2
	2
	1
	2
	56
	50
	+6

	16
	3
	Normal
	2
	4
	1
	2
	54
	50
	+4

	17
	3
	Normal
	2
	8
	1
	2
	50
	50
	0

	18
	3
	Normal
	4
	4
	1
	2
	50
	50
	0

	19
	3
	Normal
	4
	8
	1
	2
	46
	50
	-4

	20
	4
	Normal
	2
	2
	1
	2
	44
	50
	-6

	21
	4
	Normal
	2
	4
	1
	2
	42
	50
	-8

	22
	4
	Normal
	2
	8
	1
	2
	38
	50
	-12

	23
	4
	Normal
	4
	4
	1
	2
	38
	50
	-12

	24
	4
	Normal
	4
	8
	1
	3
	46
	38
	+8

	25
	0
	Extended
	2
	2
	1
	0
	54
	56
	-2

	26
	0
	Extended
	2
	4
	1
	0
	52
	56
	-4

	27
	0
	Extended
	2
	8
	1
	0
	48
	56
	-8

	28
	0
	Extended
	4
	4
	1
	0
	48
	52
	-4

	29
	0
	Extended
	4
	8
	1
	0
	44
	52
	-8

	30
	1
	Extended
	2
	2
	1
	1
	54
	48
	+6

	31
	1
	Extended
	2
	4
	1
	1
	52
	48
	+4

	32
	1
	Extended
	2
	8
	1
	1
	48
	48
	0

	33
	1
	Extended
	4
	4
	1
	1
	48
	44
	+4

	34
	1
	Extended
	4
	8
	1
	1
	44
	44
	0

	35
	2
	Extended
	2
	2
	1
	1
	42
	48
	-6

	36
	2
	Extended
	2
	4
	1
	1
	40
	48
	-8

	37
	2
	Extended
	2
	8
	1
	1
	36
	48
	-12

	38
	2
	Extended
	4
	4
	1
	1
	40
	44
	-4

	39
	2
	Extended
	4
	8
	1
	1
	36
	44
	-8

	40
	3
	Extended
	2
	2
	1
	2
	42
	36
	+6

	41
	3
	Extended
	2
	4
	1
	2
	40
	36
	+4

	42
	3
	Extended
	2
	8
	1
	2
	36
	36
	0

	43
	3
	Extended
	4
	4
	1
	2
	36
	36
	0

	44
	3
	Extended
	4
	8
	1
	2
	32
	36
	-4

	45
	4
	Extended
	2
	2
	1
	2
	34
	36
	-2

	46
	4
	Extended
	2
	4
	1
	2
	32
	36
	-4

	47
	4
	Extended
	2
	8
	1
	2
	28
	36
	-8

	48
	4
	Extended
	4
	4
	1
	2
	28
	36
	-8

	49
	4
	Extended
	4
	8
	1
	2
	24
	36
	-12
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