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1 Introduction
In RAN1#72bis, control signaling enhancements for small cells were discussed. It is observed that multi-subframe scheduling and/or cross-subframe scheduling are proposed by many companies. It was then proposed to further study multi-subframe scheduling and cross-subframe scheduling and evaluate the potential gains (in throughput or other gains) from overhead reduction (multi-subframe scheduling) or statistical multiplexing gain (cross-subframe scheduling).

In this contribution, we first show our evaluation results on DL control overhead reduction by multi-subframe scheduling in small cell deployment scenarios, and then summarize the potential specification impacts to support multi-subframe scheduling.
2 Discussion 

In a small cell, either PDCCH or EPDCCH can be used to transmit downlink control information. For PDCCH, its minimum overhead is 7.14%, as at least one OFDM symbol shall be used for PDCCH transmission. Considering that the number of scheduled UEs per subframe in a small cell is expected to be small, EPDCCH overhead can be smaller than PDCCH. Therefore, to enhance the spectrum efficiency of small cells, PDCCH should be limited in a subset of DL subframes, and PDSCH/EPDCCH should start from the first OFDM symbol in the DL subframe without PDCCH.

Proposal 1: To enhance the spectrum efficiency of small cells, 

· PDCCH should be transmitted in a subset of DL subframes, and

· PDSCH/EPDCCH should start from the first OFDM symbol, in the DL subframe without PDCCH.

2.1 Evaluation
System simulation results of DL control overhead based on SCE scenario 2a are shown in Figure 1, and the parameters are listed in Appendix. The simulation results show that:
· When arrival rate = 3.125, with a probability of 98.2%, the number of required CCEs for DL assignment in one subframe is less than 4. 
· When arrival rate = 7.5, with a probability of 92.5%, the number of required CCEs for DL assignment in one subframe is less than 4.
· When arrival rate = 12.5, with a probability of 93.8%, the number of required CCEs for DL assignment in one subframe is less than 8.
For subframes with PDCCH and 10MHz system bandwidth, it is observed that one OFDM symbol is sufficient for PDCCH transmission in small cells. For normal subframes with EPDCCH, one PRB pair contains 4 ECCE. Therefore, one PRB pair is required for EPDCCH in most subframes, and at most two PRB pairs are required for EPDCCH in some subframes with larger arrival rates (e.g. 12.5). Therefore, the DL control overhead with EPDCCH in small cells is quite small, i.e. 1 PRB pair corresponds to overheads of 4%, 2%, and 1% at system bandwidths of {5, 10, 20} MHz. Therefore, further overhead reduction by multi-subframe scheduling is expected to be small. In addition, the following aspects may reduce the special efficiency with mulit-subframe scheduling: 
· Lack of scheduling flexibility
· More CCEs are required for one DCI
· Lager payload of the DCI used for multi-subframe scheduling
· Higher detection requirement of the DCI used for multi-subframe scheduling, since a miss detection of DCI will lead to multi-subframe transmission error.
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Figure 1: CDF of the number of required CCEs in small cell
Observation:

· The DL control overhead with EPDCCH in a small cell is limited.
· Further overhead reduction by multi-subframe scheduling is expected to be small.
2.2 Specification impact
Multi-subframe scheduling is proposed for control signaling overhead reduction. System performance loss can be expected due to some potential scheduling restrictions caused by multi-subframe scheduling. To avoid such degradation, the following mechanisms should be adopted for multi-subframe scheduling:
· Independent HARQ process per subframe

· Independent ACK/NAK feedback for each HARQ process

· Independent retransmission for the HARQ process with decoding failure
Proposal 2: If multi-subframe scheduling is supported in small cells, independent HARQ process per subframe should be kept.

With the assumption of independent HARQ process per subframe, we discuss the RAN1 specification impacts to support multi-subframe scheduling.
· Maximum number of HARQ processes
Multi-subframe scheduling leads to longer RTT and hence more HARQ processes. The maximum number of HARQ processes increases with the number of subframes scheduled together. Generally, when 4 and 5 subframes scheduled together, the maximum number of DL HARQ processes is about 12 and 15 respectively. 
· DCI

To support independent HARQ process per subframe, the following fields in DL DCI should be allocated to support multi-subframe scheduling:

· Multiple HARQ process numbers – 4*N bits 
· Multiple new data indicators – C*N bits 
· Multiple redundancy versions – 2*C*N bits 
where, N is the number of subframes scheduled together, and C is the maximum number of TBs scheduled by the DCI. The payload of DL DCI will significantly increase when more DL subframes are scheduled by one DCI.

For UL DCI, new data indicator(s) should be allocated per subframe. Furthermore, the usage of following fields needs to be reconsidered:
· Downlink Assignment Index (only for TDD uplink-downlink configurations 1-6): DAI in the UL grant is used to determine the number of ACK/NAK bits. If only one DAI field exits, how to determine the number of ACK/NAK bits for different UL subframes should be clarified.
· UL index (only for TDD uplink-downlink configurations 0): With UL index, at most 2 UL subframes can be scheduled together for TDD uplink-downlink configurations 0. How to use this field in small cells with multi-subframe scheduling should be clarified.
· PDCCH/EPDCCH blind decoding

With multi-subframe scheduling, the PDCCH/EPDCCH blind decoding may be increased, since the payload of DCI format 0 used for multi-subframe scheduling is much less than the payload of DCI format 1A used for multi-subframe scheduling. Padding bits can be added to DCI format 0 to align its size with DCI format 1A, which on the other hand results in higher overhead.
3 Conclusions
In this contribution, we discuss the necessity of multi-subframe scheduling for control signaling overhead reduction in small cells. We have the following observations:
Observation:
· The DL control overhead in a small cell is limited.
· Further overhead reduction by multi-subframe scheduling is expected to be small.
· Multi-subframe scheduling or cross-subframe scheduling is not motivated in small cells.
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5 Appendix
	
	Scenario #2a

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1 or 2

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm, Optional: 24dBm, 37dBm 

	Distance-dependent path loss
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring to Table B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

Note: 20dB here is baseline and other values are not precluded

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi[referring to Table B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU Umi

	Antenna configuration
	2Tx2Rx in DL, 1Tx2Rx in UL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Number of small cells per Macro cell
	4

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m
	

	
	cluster center-cluster center: 2x Radius for small cell dropping in a cluster

	Traffic model
	Baseline: FTP Model 1 as in TR 36.814 
0.5Mbytes file size.
arrival rate = [3.125 ,7.5, 12.5]

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	Baseline: RSRP for intra-frequency and RSRQ for inter-frequency, without CRE 

	Network synchronization
	Synchronisation

	Backhaul assumptions
	Ideal backhaul
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