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1 Introduction

During RAN1 #72b meeting, many contributions discussed about the control signaling enhancement techniques in small cell scenarios. It has been observed that:
· Multi-subframe scheduling and/or cross-subframe scheduling are proposed by many companies

· Not necessarily limited to small cells, but may be able to exploit relatively time-invariant channels

It has been proposed that for RAN1 #73,
· For RAN1#73, focus on study of multi-subframe scheduling and cross-subframe scheduling

· Identify characteristics of potential schemes, e.g. for multi-subframe scheduling, how does it differ from SPS, how many subframes, how is link adaptation and HARQ retransmissions handled? 

· Evaluate whether there are useful potential gains (in throughput or other gains) from overhead reduction (multi-subframe scheduling) or statistical multiplexing gain (cross-subframe scheduling)

· Consider impact of resulting scheduling restrictions and potential means to mitigate such impact

· Identify potential specification impact

· Also consider PDSCH/EPDCCH starting in first OFDM symbol 

This contribution gives performance analysis of multi/cross-subframe scheduling under agreed evaluation assumptions [1]. The corresponding standard impacts of multi/cross-subframe scheduling and PDSCH/ePDCCH starting in the first OFDM symbol are discussed afterward.
2 Performance analysis of multi/cross-subframe scheduling and starting PDSCH/ePDCCH in the first OFDM symbol
It has been analysed in [2] that the advantages of multi-subframe scheduling mainly come from three aspects:

· Overhead reduction of PDCCH/ePDCCH resource, since the channels in small cell scenarios are typically low time-selective in time domain when UE mobility is low and multiple subframes could be scheduled within one DCI instance.
· Effective utilization of PDCCH/ePDCCH fragment resource, since the number of UEs in small cell scenarios are typically small and scheduling the UEs transmitted in multiple subframes into one DCI instance could better utilize the allocated PDCCH/ePDCCH resource. This benefit could also be obtained by cross-subframe scheduling.
· Time-domain channel interpolation to improve channel estimation, as well as keeping  the interference constant over multiple subframes which would benefit the interference prediction and detection performance of the UEs.
Figure1 shows the CDF of required CCE number per small cell, according to the assumptions in [1] and table2 in the appendix.
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Fig.1 CDF of the required CCE number
As calculated in the appendix, the supported CCE number is 10 for the first OFDM symbol. According to figure1, almost all the small cells only need one OFDM symbol for PDCCH region. The overhead of the one OFDM symbol PDCCH region could be saved if multi/cross-subframe scheduling and starting PDSCH/ePDCCH from the first OFDM symbol are applied.
While considering only 1 OFDM symbol used for PDCCH region, if multi-subframe scheduling is supported, the upper bound of the PDCCH region overhead reduction is proportional to the number of multiple subframes that could be scheduled in one instance. The increased PDSCH RE resource ratio could be calculated as:
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N is the number of combined multiple subframes. CRS overhead is taken into account in the PDSCH RE resource calculation, while other cell specific signals are not considered.
It is calculated in table 1 that 4~7% more resource could be saved for PDSCH transmission with multi-subframe scheduling and starting from the first OFDM symbol methods, which would benefit the UE and system throughput performance.
Table 1 Increased PDSCH resource ratio for different number of multi-subframe scheduling
	Number of multiple subframes
	Increased PDSCH resource ratio

	2
	4.2%

	4
	6.25%

	8
	7.3%


For cross-subframe scheduling, since the PDCCH symbol in one subframe is not fully occupied for most of the time, eNB could schedule the UEs in other subframes into one PDCCH instance to effectively utilize the fragment of the PDCCH region. The UEs in the other subframes will encounter cross-subframe scheduling from this subframe. According to the evaluation results in Figure 1, more than half of the small cells could combine the scheduling DCI for different subframes into one subframe and save more resource for data transmission.
This evaluation is taken under full buffer traffic assumption. More gain is expected with burst traffic since more PDCCH fragment may occur and the overhead reduction ratio could increase accordingly. Meanwhile, if more OFDM symbols are required by the control region, the multiple-subframe scheduling gain would also be increased by overhead reduction on those OFDM symbol resources.
The above performance analysis does not take into account some realistic implementations, such as UE specific search space position, blocking probability, modified DCI format size and traffic/interference variation that might influence the scheduling decision. So it could be regarded as a reference gain brought by the multi/cross-subframe scheduling and starting from the 1st OFDM symbol techniques.
3 Standard impacts of downlink control signaling enhancement

3.1 Multi/cross-subframe scheduling technique
The standard impacts of multi-subframe scheduling include the followings:
HARQ and Retransmission procedure

Although the multiple subframes would be scheduled in one DCI instance, it might be more appropriate to allocate individual transport blocks to each subframe, rather than allocating a large transport block across all the subframes. This could avoid redesign the TBS table and avoid the potential increase of detection error rate. The resource waste in case of error detection would be unacceptable for too large block size. Consequently, each subframe should be given a different HARQ process number.
It is desired that the multiple subframe scheduling is used only for initial transmission, while the retransmission is indicated by dynamic scheduling so that the scheduling decision could be better adapted to the UE’s transmission condition.
DCI indication
In the newly designed DCI for multi-subframe scheduling indication, same field could be used for multiple subframes, such as the resource allocation, MCS and precoding information, etc. The field of HARQ process number is different for individual subframe, as mentioned above. It is inferred that the main difference of multi-subframe scheduling from SPS transmission is that in SPS, the HARQ process number, redundancy version are always set to zero, and the MCS type has restricted values.
In the current design, the uplink resource for HARQ-ACK transmission is dependent on the
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, which is the lowest CCE index used to construct the PDCCH. In multiple subframe scheduling, the resource for HARQ-ACK is the same for multiple  subframes within one scheduling instance and this might result in resource confliction with another UE scheduled in a different subframe, but with the same 
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and reporting instance. Avoiding the confliction by pure scheduling would set scheduling limitation to eNB behavior. Thus, better design may be considered to solve the HARQ-ACK resource confliction issues raised by multi-subframe scheduling.
Proposal for multi-subframe scheduling
· Multi-subframe scheduling is used only for initial transmission while the retransmission is indicated by dynamic scheduling

· Multiple subframes can share most of DL scheduling indicators, such as the resource allocation, MCS and precoding information.  However, HARQ process number should be different for individual subframe. 

· Proper design needs to be considered to solve the HARQ-ACK resource confliction issues happening when UEs are scheduled in different subframes, but with the same 
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and reporting instance
The standard impacts of cross-subframe scheduling are similar to multi-subframe scheduling, except that each field in DCI format needs to be given individually for every subframe.
3.2 PDSCH/EPDCCH starting in first OFDM symbol
PDSCH/ePDCCH starting in the first OFDM symbol could reduce the unnecessary overhead in the subframes where there is no UE scheduled. The ratio of these subframes might be large in small cell scenarios considering the small number of UE and the bursty traffic, and these subframes could benefit from staring the PDSCH/ePDCCH in the first OFDM symbol.  To keep backward compatibility for legacy UEs, PDCCH should be maintained at least in subframes which contain SIBs and paging information. Moreover, PCFICH and PHICH region should be maintained for legacy UEs to maintain uplink HARQ procedure.
Compared to the possible benefit of this technique, the standard impacts are relatively trivial, which includes the followings:
· The indication of the subframes without PDCCH region could use either dynamic signaling, e.g, reserve value in PCFICH, or higher layer signaling 
· PDSCH/ePDCCH starting in the first OFDM symbol should rate match around PHICH/PCFICH REs
4 Conclusion
In this contribution, the evaluation and performance analysis for multi/cross-subframe scheduling is given. It is observed that effective gain could be achieved in terms of overhead reduction and PDCCH/ePDCCH resource utilization.
In addition, the standard impacts of multi-subframe scheduling and PDSCH/ePDCCH starting in the first OFDM symbol techniques are discussed. It is proposed that for multi-subframe scheduling:

· Multi-subframe scheduling is used only for initial transmission while the retransmission is indicated by dynamic scheduling

· Multiple subframes can share most of DL scheduling indicators, such as the resource allocation, MCS and precoding information. However, HARQ process number should be different for individual subframe. 

· Proper design needs to be considered to solve the ack/nack resource confliction issues happening when UEs are scheduled in different subframes, but with the same 
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and reporting instance

The standard impacts of cross-subframe scheduling are similar to multi-subframe scheduling, except that each field in DCI format needs to be given individually for every subframe.
For PDCCH/ePDCCH starting in the first OFDM symbol:

· The indication of the subframes without PDCCH region could use either dynamic signaling, e.g, reserve value in PCFICH, or higher layer signaling
· PDSCH/ePDCCH starting in the first OFDM symbol should rate match around PHICH/PCFICH REs
Multi/cross-subframe scheduling and PDSCH/ePDCCH starting in the first OFDM symbol should be used together to further reduce the overhead.
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Appendix
Table 2. Simulation assumptions 

	Scenario
	Scenario 2a with 1 cluster per macro coverage, 10 small cells per cluster.

	Bandwidth
	10MHz

	Carrier frequency 
	3.5G

	PDCCH SINR
	Long term SINR

	UE number 
	60 UEs per macro cell geographical area

	CRS port
	2

	PDCCH format
	2c


Calculation of available CCE for the PDCCH in first OFDM symbol:
Total RE for control is (12-4)*50=400RE=100REG;
PHICH needs 3 REG;

PCFICH needs 4 REG;

CCE number for the PDCCH in the first OFDM symbol is: (100-3-4)/9~=10 CCE.
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