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1
Introduction

Considering the design of enhanced PDCCH (E-PDCCH), agreements are made in RAN1#68 as follows:

Agreements: 

· 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
It is decided that E-PDCCH messages span both time slots. However, the details of multiplexing of different DCI messages like physical resource mapping and size of eCCE (if defined) are not cleared yet.
In this contribution, we discuss the possible candidates on mapping E-PDCCH to physical resource and size of eCCE based on above agreements. It is noted that the reference signal usage is also related to this issue and are discussed in our companion contribution [1].
2
Discussion 
It is reasonable to reuse the concept of legacy CCE to reduce the specification effort for E-PDCCH. The legacy CCE is defined on the logic domain where USS and CSS are defined. The legacy CCEs are then mapped from logic domain to physical resource using REG-to-RE mapping. In this contribution, we use the terminology “eCCE” to represent the basic unit of E-PDCCH on logic domain. It is noted that eCCE metioned here include the possibility that eCCE definition is the same as legacy CCE. Considering eCCE size, there are two possibilities:

Alt.1: All eCCEs have the same fixed size which is indepent of different configurations.
Alt.2: Each eCCE has variable size which depends on different configutations.
It is also noted that distributed scheme and localised scheme have different requirements. The design of these two schemes can be different. In the following, we discuss the possible operation of these two alternatives on both distributed scheme and localised scheme.
2.1 Operation of Localised Scheme
For localised scheme, the eCCE is expected to be mapped in a frequency localised fashion. If Alt.1 is adopted for localised scheme, there is a problem that the number of the available RE in a RB is hard to be multiple of the eCCE size. For example, with 4 CSI-RS port, 4 UE-RS port and 4 CRS port and 2 legacy PDCCH symbols, the available REs are 100 = 2*36+28. There are still 28 REs remain left if 36 REs are defined as an eCCE. Therefore, how to deal with the remaining REs becomes important in order to reduce waste of resource. A possible solution is let these remaining REs be used by distributed E-PDCCH if REG-based interleaving (other small unit can also be considered) is used by distributed E-PDCCH. The remaining REs can be partitioned into several REGs for mapping purpose. Accordingly, the distributed scheme can be spreaded further widely in the frequency domain. Better frequency diversity is expected. An example of eCCE-to-RE mapping is illustrated in Fig.1, where an eCCE is counted from the first RE til the 36th RE in a time-first manner to ensure the eCCE span both slot. It is noted that the time-first counting is for eCCE region decision and it does not imply the final RE mapping from eCCE to resource should also be time-first. It is also noted that for the remaining REs for distributed E-PDCCH, the REG definition which consist of REs in one OFDM symbol may need to be changed for lack of space in frequency.
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Figure1. An example of fixed size eCCE        Figure2. An example of grouping 4 subcarriers to be one eCCE
On the other hand, considering using Alt.2 for localised scheme, an example is to group several contiguous subcarriers to be one eCCE as depicted in Fig.2. The eCCE size depends on the number of reference signals and symbols of legacy PDCCH. For 4 CSI-RS port, 4 UE-RS port and 4 CRS port (possibly no CRS for additional carrier type), the min/max RE number in one eCCE is shown in Table.1. It is noted that the size of each eCCE can be far different under various configurations. A fixed number of eCCE in a RB seems to be undesirable. Therefore, if this alternative is adopted, the number of divided eCCE in a RB should be adjusted according to some system parameters (e.g. according to the number of legacy PDCCH symbols as those colored by red in Table.1). For localised scheme, this alternative is simple for RE mapping. However, the performance difference due to unequal eCCE size may need further discussion on its impact.
	Configuration
	OFDM symbols for PDCCH
	CRS
	CSI-RS
	UE-RS
	Min/Max eCCE size
(4 eCCE in a RB)
	Min/Max eCCE size
(3 eCCE in a RB)
	Min/Max eCCE size
(2 eCCE in a RB)

	0
	0
	0
	4
	4
	32/38
	46/48
	70/70

	1
	0
	4
	4
	4
	26/32
	34/42
	58/58

	2
	1
	4
	4
	4
	24/30
	32/39
	54/54

	3
	2
	4
	4
	4
	22/28
	30/36
	50/50

	4
	3
	4
	4
	4
	19/25
	26/32
	44/44

	5
	4
	4
	4
	4
	16/22
	22/28
	38/38


Table.1 eCCE sizes under different configurations
2.2 Operation of Distributed Scheme
For distributed scheme, Alt.1 can reuse the similar REG-based interleaving design of legacy PDCCH and R-PDCCH with cross-interleaving. There is no need to define eCCE on physical resource. The eCCE is mapped from logic domain to RE via REG-to-RE mapping. However, it is noticed that due to usding SFBC as the transmit diversity scheme, an REG is composed out of 4 consecutively available RE in one OFDM symbol in a PRB for R-PDCCH as described in 5.6.3 of [2]. Reusing the legacy REG mapping can results in some waste of resource and may be undesirable. If Alt.1 is chosen for distributed scheme, the transmit diversity scheme and REG-to-RE mapping may require further study.
On other hand, if Alt.2 is chosen for distributed scheme, REG-based interleaving cannot be reused for Alt.2 for its variable eCCE size. The basic unit for interleaving or distributed mapping can be changed to eCCE or other smaller units (e.g. 2 subcarriers or half-eCCE). This basic unit should be defined like eCCE. Therefore, each basic unit may have variable size as eCCE. A cyclic mapping can be used to spread eCCE among frequency domain. However, the cyclic mapping might make the aggregated eCCE size more uneven in some scenarios (possibly more even in other scenarios). As a result, choosing Alt.1 for distributed scheme is preferred for its simplicity and less specification effort.
3
Conclusions

In this contribution, we discuss the possible operation of localised and distributed E-PDCCH under the assumption of different eCCE definitions with fixed size and variable size. 

· For localised scheme, if fixed size eCCE is defined, the remaining REs in a RB can be used by distributed scheme. If variable size eCCE is defined, the number of eCCE in a RB should be adjusted based on system configurations.
· For distributed scheme, fixed size eCCE with REG-based interleaving is preferred. However, the corresponding transmit diversity scheme and REG-to-RE mapping are FFS.
References

[1] R1-121410, “Discussion on Reference Signals for E-PDCCH”, HTC
[2] TS 36.216 V10.3.1, “Evolved Universal Terrestrial Radio Access: Physical layer for relaying operation”
_1393250050.vsd
 


 


 


31


19


15


7


31


25


13


5


1


 


 


 


32


20


16


8


32


26


14


6


2


 


 


33


21


9


33


15


7


34


22


34


16


35


23


35


17


 


36


24


10


36


18


8


 


 


 


25


11


1


19


9


 


 


 


 


26


17


12


2


27


20


10


3


 


 


 


 


27


18


13


3


28


21


11


4


 


 


 


28


14


4


22


12



_1393230522.vsd

