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1. Introduction

A working assumption to introduce an enhanced physical downlink control channel was made at WG1 meeting #66bis as follows:

Based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:

Working Assumption:

· Introduce an enhanced physical downlink control channel that is:

· 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 present our views on multiplexing design for the enhanced PDCCH.

2. Discussion


For the R-PDCCH a hybrid FDM/TDM approach for multiplexing control and data was chosen. Control and data can be time-multiplexed: the second slot can be used for PDSCH transmission to a relay node if the first slot contains the R-PDCCH carrying the DL assignment to the same relay node. This is typically the case when there are few relay nodes per cell, for which more DL assignments than UL grants have to be transmitted. Control and data can be frequency-multiplexed, hence both slots of a configured RB pair can be used for R-PDCCHs. This is typically the case when the number of relay nodes per cell is large and the number of DL assignments and UL grants is balanced. For the ePDCCH we propose to use both slots and not to restrict it to only the first slot. This would be desirable based on the following reasons.

Many more UEs are expected to be in a cell than relay nodes. Hence, the capacity of the ePDCCH needs to be significantly higher than the R-PDCCH capacity. Hence, whenever a RB is configured for ePDCCH use, it is more efficient to reserve also the 2nd slot, i.e. a RB pair. With this solution, and for a given ePDCCH capacity, fewer RBs need to be reserved in the frequency domain, which leads to a less fragmented bandwidth available for PDSCH scheduling. This type of fragmentation and the additional overhead is particularly problematic for scheduling legacy UEs whose PDSCH RB allocation must completely avoid any RB occupied by ePDCCH. 

It should also be noted the 2nd slot can carry more ePDCCHs than the 1st slot in a RB pair since there may be a legacy PDCCH that occupies the first n OFDM symbols. Thus, it is desirable to take advantage of the “cleaner” 2nd slot. Furthermore, if a substantial portion of the RBs are needed for ePDCCH, as a result of using single-slot ePDCCH, the flexibility or even the feasibility of frequency-domain ICIC is seriously compromised. 

A quantitative evaluation of the RB fragmentation and limitation to frequency-domain ICIC issues is provided in Table 1. We calculate the numbers of RB allocation needed for the ePDCCH to provide a combined CCH capacity of 100 CCEs from both PDCCH and ePDCCH in a 20MHz system. The results are presented in Table 1(a) for the case where ePDCCHs occupy both slots and in Table 1(b) for the case where ePDCCHs occupy only the 1st slot. The number of RBs required for ePDCCH reduces with increasing number of symbols in the control region since some of the CCEs are transmitted in the PDCCH. There is a substantial increase in the number of RBs used for single slot transmission with the increase being in the range of two and a half to almost four times. This clearly leads to much higher fragmentation of the available RBs. Rel-11 UEs may not be able to make the best use of these second slot PDSCHs and Rel-10, Rel-9 and Rel-8 UEs cannot use these RBs at all.

Table 1 Number of RBs and RB pairs needed to for ePDCCH to provide a total of 100 CCEs across PDCCH and ePDCCH in a 20MHz system.

(a) Case of ePDCCH occupying both slots
	 Number of PDCCH OS
	Number of RB pairs

	
	No CRS
	1 TX CRS
	2 TX CRS
	4 TX CRS

	0 
	25
	
	
	

	1
	
	18
	18
	20

	2
	
	11
	11
	12

	3
	
	8
	8
	8


(b) Case of ePDCCH occupying only 1st slot
	Number of PDCCH OS
	Number of RB

	
	No CRS
	1 TX CRS
	2 TX CRS
	4 TX CRS

	0 
	50
	
	
	

	1
	
	50
	52
	56

	2
	
	41
	43
	43

	3
	
	21
	23
	28


Observation 1 If ePDCCH is transmitted in only the first slot, bandwidth becomes fragmented for Rel-11 PDSCH and problematic for Rel-8/9/10 PDSCH scheduling. The flexibility, if not feasibility, of frequency-domain ICIC may be seriously compromised.
In addition, when both slots are used, the DMRS of the shared data channel which extends across both slots can be utilized. This is expected to result in better channel estimation performance than if only the RS in the 1st slot could be used. In Figure 1, we compare the BLER of diversity ePDCCH transmissions with a variety of channel model assumptions. Figure 2 shows results for precoded RB transmission with PMI feedback. Detailed simulation assumptions are listed in the Appendix. For all cases, losses of 0.5−1.0 dB can be observed if channel estimation is based on a single slot instead of both slots.
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Figure 1 Performance comparison of diversity ePDCCH with one-slot or two-slot DMRS structures.
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Figure 2 Performance comparison of precoded ePDCCH with one-slot or two-slot DMRS structures.
Furthermore, if the 2nd slot is used for PDSCH transmission, then an antenna port association problem may appear as to which DMRS should be used for the PDSCH transmission in the 2nd slot to maintain channel continuity over the slot border so as to enable channel interpolation between the slots. In addition, there will be a power balancing issue if the number of transmitted layers in the two slots is different. These problems are accentuated for the ePDCCH compared to the R-PDCCH since there are more UEs than RNs in general and thus these issues have a larger impact on system capacity.  

Observation 2 If ePDCCH transmissions can utilize DMRS from both slots, better channel estimation quality and performance can be achieved.
A potential drawback with using both slots is the lack of micro-sleep and that buffering requirements before commencement of demodulation of the ePDCCH may increase. However, since using the shared data channel DMRS has performance benefits and as it anyway spans both slots there is no possibility for micro-sleep for UEs even if only the first slot would have been used for the ePDCCH. Furthermore, the UE needs some time to process the ePDCCH so there is not much time left in the second slot for micro-sleep if the ePDCCH would span only the first slot and the difference in buffering requirements compared to the case when both slots are used for ePDCCH is not large and is not a problem in the Rel.11 time frame. It shall also be noted that the largest fraction of UE power savings comes from long DRX cycles in idle mode and thus the lack of micro-sleep may be acceptable. Slightly increased buffering requirements are also manageable for UEs in the Rel-11 time frame.

Taking these aspects into account, the following is proposed:

Proposal Both slots of an RB pair are used for enhanced control channel  transmissions
3. Conclusions

In this contribution, we discuss the time multiplexing issues of enhanced PDCCH in terms of resources allocation, bandwidth fragmentation, frequency-domain ICIC support, channel estimation performance, use of multiple antennas and reference signals. We found that

Observation 1 If ePDCCH is transmitted in only the first slot, bandwidth becomes fragmented for Rel-11 PDSCH and problematic for Rel-10 PDSCH scheduling. The flexibility, if not feasibility, of frequency-domain ICIC may be seriously compromised.
Observation 2 If ePDCCH transmissions can utilize DMRS from both slots, better channel estimation quality and performance can be achieved.
Taking these aspects into account, we propose that

Proposal Both slots of an RB pair are used for enhanced control channel transmissions
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Appendix
Detailed simulation assumptions used for generating the results shown in Figures 1 and 2 are shown in the table below.

Table 2: Simulation assumptions

	Parameter
	Value

	Signal bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EPA (3 km/hr), ETU (3 km/hr)

	Channel estimation algorithm
	Realistic, averaged across both slots

	Transmit antennas
	2

	Receive antennas
	2

	CCE Aggregation level
	2

	DCI size (not including CRC)
	20 bits

	ePDCCH mapping – Diversity mode
	Transmitted over PRB/PRB pair number 1 and 48 with two antenna ports per PRB/PRB pair 

(diversity order 4)

	ePDCCH mapping – Precoded
	Transmitted over PRB/PRB pair number 1 and 48 with a single antenna port per PRB pair (diversity order 2)


