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1 Introduction 
At RAN1#66, the enhancements of downlink control signaling were extensively discussed in a number of contributions [1-16] in the context of both the DL MIMO Enhancement SI and the CA Enhancement WI. Two sets of conclusions were drawn respectively for these two items:
Conclusions of DL MIMO Enhancement SI:

· Aim to agree on motivations (if any) for the investigations of enhanced PDCCH

· Aim to agree on the scenarios (if any) to be targeted by these investigations and corresponding evaluation assumptions. 

Conclusions of CA Enhancement WI:

· Possible areas for enhancement include: 

· PDCCH capacity for CA-based Het-Net or inter-band deployments

· Reduce PDCCH overhead / increase capacity / reduce blocking probability

· Need to show what gain in capacity and reduction in blocking probability can be achieved with the proposed methods

· How serious is the problem; what impact would the proposed solution. 

· Working assumption: Reduction in PDCCH blind decodes below Rel-10 levels is not seen as necessary in the context of this WI. 

Now the CoMP WI agreed in RAN#53 includes specification in support of DL CoMP operation, potentially including PDCCH extension and other enhancements on downlink control signalling.

From the standardization perspective, a consistent approach to any control channel enhancements is expected. In this contribution, we first examine the impact of PDCCH capacity limitations on DL throughput in some of the CoMP scenarios. Then we continue discuss some potential enhancement aspects and design principles taking these capacity limitations into account. Some design details are discussed in [17].
2 PDCCH Capacity Limitation
In order to evaluate the impact of PDCCH capacity, we carry out system-level simulations comparing the system performance with and without PDCCH capacity limitation. DL CoMP Scenario 1/2 without intra-site/inter-cell coordination and Scenario 4 are simulated. The PDSCH is scheduled by DCI format 2C for intra-cell joint transmission. 20 and 30 CCEs per cell are assumed for the UE-specific DL grants in the PDCCH region in the 10 MHz system. Simulation assumptions are fully aligned with TR 36.819, which is elaborated in Annex.
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Figure 1. Impact of PDCCH capacity limitation on throughput in DL CoMP Scenario 1/2 w/o coordination
Table 1. Performance results with and without PDCCH limitation in DL CoMP Scenario 1/2 

	Transmission Schemes
	Cell Avg. SE (bps/Hz/Cell)
	5% cell Edge SE ( bps/Hz/UE)

	Unlimited PDCCH Capacity
	2.9278(0.00%)
	0.0338(0.00%)

	Limited PDCCH Capacity  with 30 CCEs per Cell
	2.3825(-18.62%)
	0.0255(-24.56%)

	Limited PDCCH Capacity with 20 CCEs per Cell
	2.2072(-24.61%)
	0.0235(-30.47%)
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Figure 2. Impact of PDCCH capacity limitation on throughput in DL CoMP Scenario 4

Table 2. Performance results with and without PDCCH limitation in DL CoMP Scenario 4 
	Transmission Schemes
	Cell Avg. SE (bps/Hz/Cell)
	5% cell Edge SE ( bps/Hz/UE)

	Unlimited PDCCH Capacity
	11.0416(0.00%)
	0.1118(0.00%)

	Limited PDCCH Capacity  with 30 CCEs per Cell
	6.3882(-42.14%)
	0.0808(-27.73%)

	Limited PDCCH Capacity with 20 CCEs per Cell
	5.2789(-52.19%)
	0.0783(-29.96%)


Observations: 
· PDCCH capacity limitation severely degrades the system performance due to the reduced number of co-scheduled UEs and suboptimal scheduling decisions.
· The capacity of PDCCH needs to be enhanced to allow for more UEs being scheduled in the same subframe.
In addition to the capacity limitation, the existing PDCCH design may be a bottleneck in terms of overhead, flexibility and effectiveness, especially with respect to new features developed by enhanced MIMO and CA transmission. Therefore, investigation on the enhanced PDCCH is essential to improve the system performance.
3 Aspects of PDCCH Enhancement
3.1 Constraints of PDCCH enhancement

Prior to the analysis on the potential aspects of enhancements, we firstly recap the basic constraints which were summarized in our last paper [1] for PDCCH enhancement design:
· The allocation of enhanced PDCCH should be transparent to Rel-8/9/10 UEs when they access the Rel-8 /9/10 DL control channels and shared channels.   

· The enhanced PDCCH should support all Rel-8/9/10 DCI formats and additional DCI formats in the future

· The enhanced PDCCH should reuse the PDCCH physical layer structure and design, such as CCE and aggregation level, as much as possible.   

· The enhanced PDCCH should be able to be used for Rel-11 UEs in every subframe.  
· The enhanced PDCCH should be able to support a large number of UEs with different radio channel conditions and mobility.  
· The enhanced PDCCH should have minimal increase of blind decoding.  
We should keep these constraints in mind when designing the enhanced PDCCH. 
3.2 Enhanced aspects

Advanced antenna support for E-PDCCH
Beamforming, spatial multiplexing and coordinated operation are channel dependent technologies which can effectively improve spectrum efficiency.  The current PDCCH does not benefit from these technologies. Therefore, it makes sense for E-PDCCH to exploit them. Beamforming could improve the E-PDCCH received SINR and reduce inter-cell interference to neighboring cells. Spatial multiplexing can improve the E-PDCCH multiplexing capability. Coordinating E-PDCCH transmissions could alleviate the mutual interference and improve the E-PDCCH detection performance.  In practice, these features should be configurable because they would not always show a gain for E-PDCCH. 
Accurate channel estimation plays a critical role in the E-PDCCH performance. The PDCCH utilizes CRS-based channel estimation to realize coherent demodulation. However as the increasing number of antennas and the application of advanced antenna technologies, UE specific reference signal based E-PDCCH is desired. Therefore, channel estimation allowing for UE-specific precoding needs further investigation. 
Proposal 1: The E-PDCCH should be able to benefit from beamforming and MU-MIMO operation. 
Adaptive MCS for E-PDCCH

Only QPSK is supported by PDCCH to ensure the robust reception of the control information even in a very good geometry.  By allowing adaptive MCS for E-PDCCH, the spectral efficiency of the E-PDCCH could be increased when permitted by the channel conditions, so the eNB scheduler could utilize fewer resource elements for indicating a scheduling decision.  Adaptive MCS is already supported by some other DL control channels for specific applications or environments in LTE. In Rel-9, four levels of MCS are supported for the MCCH for eMBMS services based on different deployment of MBMS SFN network.  Variable MCS design for the MBMS control channel provides a good reference for E-PDCCH design.
Proposal 2: E-PDCCH should support adaptive MCS.
Relevant signaling design

In order to support advanced antenna technologies and adaptive MCS for E-PDCCH, corresponding configuration information may need to be acquired by the UEs in advance. The configuration information may include: 
· MCS allocation for the E-PDCCH.  

· Rank allocation for precoding matrix

The ways to signal this information to the UEs could be one of:
· Higher layer signaling－RRC signaling can semi-statically configure or re-configure the antenna and MCS for E-PDCCH. It is easy to implement. However, considering the precoding and MCS are highly channel-correlated, the semi-static configuration might lose the gain derived by precoding and high-order modulation.
· New DCI indication－Designing a new DCI format which carries the configuration for the E-PDCCH could be an alternative. This scheme can dynamically configure the E-PDCCH transmission. Its major challenge is the additional overhead and possibly blind decoding impact. A possible way to solve this problem is to group multiple UEs together with a group RNTI as proposed in [2]. The new DCI would contain the configuration information for all the UEs in the group.
· Predefined resource for indication－Dedicated resource elements could be allocated for the configuration information (similar to the PCFICH). The resource would need to be known by the UE in advance. This type of indication could dynamically configure the E-PDCCH transmission at the expense of additional overhead and design complexity.
Proposal 3: Signalling mechanisms for any dynamic configurations of the E-DPCCH (e.g. MCS) need to be considered.
4 Conclusions

We have evaluated the impact of PDCCH capacity limitation on system performance and got the following observations:  
Observations: 

· PDCCH capacity limitation severely degrades the system performance due to the reduced number of co-scheduled UEs and suboptimal scheduling decisions.

· The capacity of PDCCH needs to be enhanced to allow for more UEs being scheduled in the same subframe.

We have also discussed the possible enhanced aspects of PDCCH and made the proposals:

Proposal 1: The E-PDCCH should be able to benefit from beamforming and MU-MIMO operation.
Proposal 2: E-PDCCH should support adaptive MCS.
Proposal 3: Signalling mechanisms for any dynamic configurations of the E-DPCCH (e.g. MCS) need to be considered.
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Annex
Simulation assumptions for CoMP Scenario 1/2 and 4 evaluations
	Parameter
	Assumptions used for evaluation

	Deployment scenarios
	1. CoMP Scenario 1/2: Homogeneous network without intra-site/inter-cell coordination
2. CoMP Scenario 4:  Heterogeneous network with low power RRHs within the macrocell coverage

· transmission/reception points created by the RRHs have the same cell IDs as the macro cell
· Coordination area includes:

- 3 intra-site cells with 3*N low-power nodes

	Simulation case
	ITU UMa for Macro, UMi for low power node (referring to TR 36.819)

	Number of low power node per macro-cell
	N = 4

	High power RRH Tx power (Ptotal)
	46dBm

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per cell
	25 for configuration 1

	System bandwidth
	10 MHz 

	Transmission schemes in DL
	1. CoMP Scenario 1/2: MU-MIMO

2. CoMP Scenario 4: JT-CoMP

	Impairments modelling
	Timing error is 0us

	Number of antennas at transmission point
	4 for both Macro eNB and low power node

	Number of antennas at UE
	2

	Antenna configuration
	For both Macro eNB and lower power node: 2 columns, cross-polarized on each column, closely-spaced: X X

	Antenna pattern
	Macro eNB: 3D

Low-power node: 2D

	eNB Antenna tilt
	Macro eNB: 12degrees

Low-power node: 10 degrees

	Antenna gain + connector loss
	Macro eNB: 17 dBi

Low power node: 5 dBi

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Concatenated codebook in [18] with 8-bit codebook per transmission point, and additional 5-bit amplitude and 5-bit phase for each of the transmit point pairs

	Channel estimation
	Non-ideal, based on CSI-RS for channel measurement and DMRS for demodulation

	UE receiver
	Generic MMSE w/o IRC

	DL overhead assumption
	Fixed 0.3063

	Placing of UEs
	Placement according to the configuration.

	Traffic model
	Full buffer

	Backhaul assumptions
	point-to-point fiber, zero latency and infinite capacity

	Link adaptation
	Non-ideal

	Clustering approach
	6dB threshold based UE specific clustering (referring to [18])

	Coordination set
	3Macro+12Pico



































































































































































































































