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1. Introduction

In RAN1 #66 meeting, downlink control signaling enhancements were discussed. It is agreed that the following issues of downlink control signaling enhancements shall be discussed first in RAN1, including:

· The scenarios for downlink control signaling enhancements;
· Motivations for downlink control signaling enhancements;
· The simulation assumptions in the corresponding evaluations.
In this contribution, we show our views on the above aspects.
2. Scenarios for downlink control enhancements

The possible scenarios for downlink control enhancements can be mainly divided into two categories: carrier aggregation related scenarios and downlink MIMO/CoMP related scenarios.

2.1. Carrier aggregation related scenarios
The possible scenarios in carrier aggregation are described as following:

· Carrier aggregation based heterogeneous networks:
In this scenario, with the consideration of the interference in heterogeneous networks, the PDCCHs of Marco node and low power node are always transmitted on different component carriers. Cross carrier scheduling is hence needed for UEs operating with carrier aggregation. The PDCCH resource on the scheduling carrier may be limited. However, how significant the PDCCH resource limitation is depends on the number of UEs configured with carrier aggregation in CA-based heterogeneous networks.
· Inter-band carrier aggregation: 
Inter-band carrier aggregation includes the scenario where a lower frequency band is aggregated with a higher frequency band. Typically, larger coverage is achieved on the lower frequency band due to less propagation loss. It is hence possible to increase the data channel coverage on the higher frequency band by cross carrier scheduling from the PDCCH on the lower frequency band. This could lead to PDCCH capacity limitations on the lower frequency bands. On the other hand, further study is needed to clarify the benefits of increasing the data coverage on the higher frequency band. In particular, spectral efficiency is low for cell edge UEs on the higher frequency band, since low coding rates shall be used for data transmission. In addition, the impact on PDCCH capacity on the lower frequency band depends on the number of cell edge UEs on the higher frequency band that are configured with carrier aggregation. 

· Additional carrier types:
For additional carrier types in Rel-11, it is expected that they are non-backward compatible, e.g. without Rel-8/9/10 PDCCH transmitted on these additional carrier types. Without additional enhancements on downlink control channel, PDSCH/PUSCH on the non-backward compatible carriers shall rely on cross carrier scheduling from a backward compatible carrier. Given that the bandwidth and the number of UEs connected to the non-backward compatible carriers can be similar to backward compatible carriers, the PDCCH resource on the carrier where PDCCH is sent can be significantly limited.

Based on the above analysis, downlink control enhancement for carrier aggregation is primarily for scenarios where cross carrier scheduling is applied. The number of UEs configured with cross carrier scheduling in each carrier aggregation scenario shall be considered, since it largely determines whether PDCCH enhancements are needed in Rel-11 for the carrier aggregation scenarios. 
2.2. Downlink MIMO/CoMP related scenarios
The possible scenarios in downlink MIMO/CoMP are described as following:
· MU-MIMO:
For the support of MU-MIMO as indicated in the DL MIMO SI, more PDCCHs need to be transmitted in a subframe compared to SU-MIMO operation. Therefore, the limitation on the PDCCH capacity may reduce the overall performance of MU-MIMO.
· CoMP scenario 4:
In this scenario, each RRH has the same cell ID as the Marco cell. Hence, all RRHs share the same set of PDCCH resources with the Marco cell. With additional UEs served by the RRHs, the Rel-8/9/10 PDCCH capacity may not be sufficient.
· CoMP scenario 3:
In this scenario, each RRH has the different cell ID with the Marco node, and all nodes share the same frequency resource, which may lead to significant inter-layer interference. The detection performance of the PDCCH in subframes with strong inter-layer interference is expected to be unsatisfactory. Although almost blank subframes (ABS) are supported in Rel-10, it requires the network node to reduce the activity (e.g. transmission power) in those ABS subframes, leading to insufficient spectral resource utilization. Hence, PDCCH enhancements are desirable for this scenario. 
Based on the above analysis, downlink control enhancement for MIMO/CoMP related scenarios shall consider the number of PDCCH transmitted in a subframe and the PDCCH detection performance in some specific deployment scenarios. 
3. Motivations for downlink control enhancements

The motivations for downlink control enhancements are summarized as following: 

· Increase of DL control capacity. This is for deployment scenarios such as MU-MIMO, CoMP scenario 4 and CA related scenarios with cross carrier scheduling.
· Reduced DL control overhead. The Rel-8/9/10 PDCCH overhead does not scale well with the number of scheduled PDCCHs, i.e. the PDCCH resource/overhead granularity is one OFDM symbol. In addition, for CoMP scenario 3, The Rel-8/9/10 PDCCH may not be sufficient to provide good PDCCH performance. Keeping the Rel-8/9/10 PDCCH overhead in such scenario only leads to unnecessary waste of resources.
· Improved DL control performance. The Rel-8/9/10 PDCCH relies on transmit diversity and occupies the whole system bandwidth. Hence, it is difficult to exploit precoding/beamforming gain with advanced antenna array and inter-cell interference coordination for downlink control channels.
4. Evaluation methodology for downlink control enhancements
In order to evaluate the impacts of downlink control enhancements on the system performance, the scheduling of PDCCHs should be explicitly modeled in the system simulator. An example PDCCH search space modeling in the system simulator is shown in appendix A. The simulation assumptions for each deployment scenario shall be specifically agreed (preferably to reuse the existing assumptions), to examine the benefits of any potential downlink control enhancement in the respective deployment scenario. At least the downlink cell average and cell edge throughput shall be used as the metrics for the study of downlink control enhancements in Rel-11.  
In this section, we provide the system simulation results of the MU-MIMO scenario with PDCCH search space modeled. In order to see the impacts of PDCCH on downlink throughput, the following cases were simulated:

· Unrestricted PDCCH scheduling, where the eNB can schedule UEs without the limitation of PDCCH search space, i.e. the procedure in Appendix A is not applied. 
· Restricted PDCCH scheduling, where a maximum number of PDCCHs that can be scheduled in a subframe is included, with the procedure in Appendix A applied.
The downlink cell edge and cell average throughput is shown in Table 1, with detailed simulation assumptions in Appendix B. The results indicate that the cell average throughput increases with the increase of maximum scheduled PDCCHs per subframe. It is noted that the cell average throughput with restricted PDCCH scheduling can even exceed that of unrestricted PDCCH scheduling. This is primarily due to Step 6 in the procedure in Appendix A. In more detail, given that the CCE aggregation level of cell edge UEs are larger than cell interior UEs, PDCCHs for cell edge UEs are more likely to be blocked than cell interior UEs. Hence, with Step 6 in the procedure, the PDSCH resources for the blocked UEs are assigned to other schedulable UEs, which are more likely to be cell interior UEs with higher throughput. It is further observed that the cell edge throughput decreases with the increase of maximum scheduled PDCCHs per subframe. This is primarily due to the fact that PDCCHs for cell edge UEs are more likely to be blocked with the increased number of PDCCHs per subframe.
It shall be pointed out that in this set of simulations, only DL grants are modeled for PDCCH scheduling. In other words, the PDCCH blocking probability and its impact on DL performance can be more significant if UL grants or PDCCH in common search spaces are also explicitly modeled in the simulations. Overall, in order to leave sufficient PDCCH resources for UL grants or PDCCH in common search space, the cases with CCE utilization around 30% – 50% in Table 1 appear reasonable. It shall also be noted that the CCE utilization may be intentional kept low in order to reduce the inter-cell interference on PDCCH.
Table 1: system simulation results

	Simulation cases
	Cell average throughput (kbps)
	5% cell edge throughput (kbps)
	CCE utilization efficiency (%)

	CFI =3 with 20 UEs per cell

	Unrestricted PDCCH scheduling
	5721.5
	104.2
	

	Max 5 PDCCHs per subframe
	5118.5(89.5%)
	96.1(92.2%)
	31.7%

	Max 10 PDCCHs per subframe
	5754.9(100.6%)
	94.4(90.6%)
	57.4%

	Max 15 PDCCHs per subframe
	5946.4(103.9%)
	89.6(86%)
	73.3%

	Max 20 PDCCHs per subframe
	5958.9(104.1%)
	85.8(82.3%)
	75.2%

	CFI =3 with 30 UEs per cell

	Unrestricted PDCCH scheduling
	5945.9
	74.7
	

	Max 5 PDCCHs per subframe
	5106.3(85.9%)
	65.5(87.7%)
	32.9%

	Max 10 PDCCHs per subframe
	5786(97.3%)
	66.3(88.9%)
	60.6%

	Max 15 PDCCHs per subframe
	6077.6(102.2%)
	62.1(83.2%)
	78.7%

	Max 20 PDCCHs per subframe
	6157.4(103.6%)
	60.2 (80.7%)
	86.3%


5. Conclusions
In this contribution, we discuss the possible scenarios and the evaluation methodology for downlink control enhancements in Rel-11. Specifically, we have the following proposals:

Proposal 1: RAN1 shall identify which scenario(s) require PDCCH enhancements among the following:
· CA related scenarios including CA based heterogeneous networks, inter-band carrier aggregation, and additional carrier types;

· MIMO/CoMP related scenarios including MU-MIMO, CoMP scenarios 4 and 3. 

Proposal 2: For each relevant scenario, RAN1 shall agree and aim to reuse the existing simulation assumptions.

Proposal 3: PDCCH scheduling shall be explicitly modeled in the evaluations.

Proposal 4: At least downlink cell average and cell edge throughput shall be used as the evaluation metrics.
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Appendix A：PDCCH search space modeling flowchart
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Figure A-1: Flowchart of PDCCH scheduling

Appendix B：Simulation assumptions
Table B-1: simulation assumptions

	Parameter
	Value

	Cellular layout
	3GPP Case 1

Hexagonal, 19 sites, 3 sectors per site

	System bandwidth
	10MHz (50 PRBs)

	Traffic model
	Full Buffer

	Simulation scenario
	3GPP SCM NLoS UMa 3D

Azimuth spread: 8˚

UE speed: 3 km/h

	Base station antenna configuration
	2 antenna elements

XPL with 0.5 λ antenna spacing

	MIMO scheme
	MU-MIMO

Max. 2 UEs with rank-1 per UE

	Number of UEs per cell
	20, 30

	Scheduler
	Proportional Fairness

	MU-MIMO scheduler
	Maximum sum data rate

	Receiver algorithm
	MRC

	Channel estimation for demodulation
	Ideal

	HARQ
	Maximum 4 transmissions

	UE noise figure
	9 dB

	UE distribution within cell
	Uniformly dropped

	PHICH configuration
	Ng =1

	Maximum scheduled UEs per subframe
	5, 10 ,15, 20

	DCI format
	DCI format 2C

	Required SNR for PDCCH aggregation [8, 4, 2, 1]
	[-3.6, -1, 1.8, 8.5]
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Step 1: Determine the proportional fairness indices for UEs on a per PRB (or subband PRBs) basis �

Step 2: Determine the scheduling priority of all UEs based on the output from Step 1    �

Step 6: For the UEs with PDCCH scheduled from Step 5, re-schedule PDSCH resources to occupy all PRBs     �

Step 3: Assign highest priority to UEs requiring retransmission�

Step 5: The PDCCH scheduler determines the CCE aggregation level and search space for each UE. PDCCH scheduling is performed according to the UE priority from Step 3. A UE is not scheduled if PDCCH blocking occurs.   


Step 4: The UE scheduling priority is sent to the PDCCH scheduler with C-RNTI and wideband SNR of each UE�
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