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1 Introduction

As discussed in RAN1#84bis meeting, the following conclusion for study till RAN1#85 meeting was achieved:
· Two-level DCI can be studied for sTTI scheduling, whereby:
· DCI for sTTI scheduling can be divided into two types:

· “Slow DCI”: DCI content which applies to more than 1 sTTI is carried on either legacy PDCCH, or sPDCCH transmitted not more than once per subframe

· FFS whether “Slow DCI” is UE-specific or common for multiple UEs

·  “Fast DCI”: DCI content which applies to a specific sTTI is carried on sPDCCH

· For a sPDSCH in a given sTTI, the scheduling information is obtained from either:

· a combination of slow DCI and fast DCI, or

· fast DCI only, overriding the slow DCI for that sTTI

· Compare with single-level DCI carried on one sPDCCH or one legacy PDCCH.

· It is not precluded to consider schemes in which the slow DCI also includes some resource allocation information for the sPDCCH.

· Methods for reducing the overhead of single-level DCI can also be studied

· Single-level DCI multi-sTTI scheduling for a variable number of sTTIs may be included

In this contribution, we make the comparison of single-level DCI and two-level DCI.
2 Discussion
As discussed in [1], sTTI lengths of 2 and 7 OFDM symbols are selected for further study. In this contribution, sTTI length of 2 OFDM symbols is assumed and 10MHz bandwith is allocated for sTTI. Two-symbol legacy PDCCH is assumed and 6 2-symbol sTTI is contained in a subframe.
2.1 Content for single-level DCI and two-level DCI

If single-level DCI is used to schedule sPDSCH in every sTTI,  all the necessary information should be contained in the DCI. Legacy DCI format 2 can be used as the starting point for the single-level DCI and is shown in Table2-1.
Table2-1: Single-level DCI
	Carrier indicator
	3 bits

	Resource allocation header
	1 bit

	Resource block assignment
	17 bits

	TPC command for PUCCH
	2 bits

	HARQ Process
	3 bits

	Transport block to codeword swap flag
	1 bit

	Modulation and coding scheme  for TB1 
	5 bits

	New data indicator for TB1
	1 bit

	Redundancy version for TB1
	2 bits

	Modulation and coding scheme  for TB2 
	5 bits

	New data indicator for TB2
	1 bit

	Redundancy version for TB2
	2 bits

	Precoding information
	3 or 6bits 

	TTI length
	2 bits

	CRC
	16bits

	Total bits
	64-67bits


As for two-level DCI, the slow DCI and the fast DCI can be derived by splitting the single-level DCI into two parts. The slow DCI includes those control information that can change at subframe level and fast DCI includes other control information that has to be signalled at each scheduled short TTI. A short TTI capable UE needs to detect the slow DCI and the fast DCI before receiving PDSCH or sending PUSCH. An example of two-level DCI design is shown in Table2-2.
Table2-2: Two stage DCI
	Slow DCI
	Fast DCI

	· Carrier indicator 3 bits
· Resource allocation header 1 bit
· Resource block assignment  11 bits
· TTI length 2bits
· TPC command for PUCCH 2bits
· Transport block to codeword swap flag 1 bit
· Precoding information 3 or 6bits
· CRC 16bits
	· HARQ process number 3bits
· MCS for TB1  5 bits

· RV for TB1 2 bits

· NDI for TB1 1bit
· MCS for TB2  5 bits

· RV for TB2 2 bits

· NDI for TB2 1bit
· CRC 16bits

	Total: 39-42bits
	Total:35bits


2.2 Overhead analysis
In the analysis, we assume the 64bits single-level DCI, 39bits slow DCI and 35bits fast DCI as discussed above, and the QPSK modulation and a CCE size of 36 RE. As the coding rate of single-level DCI should be lower than 3/4, two CCE is needed. From our system simulation results with DCI format1A, the average number of CCEs needed for scheduling each UE is 1.6. Given that the size of slow DCI and fast DCI are both less than 40bits, it is reasonable that each the slow DCI or fast DCI needs also 1.6 CCE. 
Further observation  from simulation shows that 4.8 UEs are scheduled per subframe on average, and 1.1 UEs scheduled per short TTI, when the shorten TTI length is 2 OFDM symbol. The simulation results are shown in table 2-3 and simulation assumptions are attached in the appendix.
Table 2-3: System simulation results(RU for sTTI =12.34%)
	Number of scheduled UEs per subframe
	4.8

	Number of scheduled UEs per short TTI
	1.1

	Average number of CCEs per PDCCH
	1.6


Our analysis of the DCI overhead of two-level DCI and single-level DCI is based on the average values from our simulation in Table 2-3. Here we assume 2 OFDM symbols are reserved for legacy PDCCH and 6 shorten TTIs (2 symbols each) are available in each DL subrame. 

When single-level DCI is used, each DCI requires two CCEs and total of 13.2 CCEs are needed in a subframe to schedule the 1.1 UEs on average. While in case two-level DCI is used, 4.8*1.6 =7.68 CCEs are needed for slow DCI transmission in a subframe and 6*1.1*1.6 =10.56 CCEs are needed for fast DCI transmissions in a subframe, which results in total 18.24 CCEs in a subframe on average. From the overhead view, more CCEs are needed when two-level DCI is used.  Therefore, we do not see the benefit of  introducing two-level DCI from the control channel resource usage perspective.
Table2-4: Overhead reduction gain of two-level DCI over single-level DCI

	Single-level DCI
	Slow DCI
	Fast DCI

	6*1.1*2=13.2CCE
	4.8*1.6=7.68CCE
	6*1.1*1.6=10.56 CCE


Observation1: The number of CCEs required for two-level DCI is more than that of single-level DCI.
2.3 PDCCH blocking 
If assumes that the slow DCI is always in legacy control region, the blocking probability of legacy PDCCH will be increased. The assumption for calculating CCE resources is shown in Table 2-5. In a 10MHz case, total of  26 CCEs can be used for both legacy DCI and slow DCI in legacy control region with two PDCCH symbols. As indicated in [2], the CCE utilization has to be lower than 50% in order to guarantee normally reasonable PDCCH blocking probability. Thus at most 13 CCEs can be used for PDCCHs. However, in total of  8CCEs will be occupied by slow DCI, meaning only 5 CCEs available for normal PDCCH transmission, including PDCCH for common signalling scheduling (e.g. paging, SIB, RAR) as well as UE specific PDCCH for normal TTI scheduling, which is far from sufficient. 
Table2-5: Assumptions for CCE resource calculation

	Bandwith
	10MHz

	Ng
	0.5

	CRS AP number
	2

	OFDM symbol 
	2


Observation2: If two-level DCI is used, the PDCCH blocking in the legacy PDCCH region is significantly increased. 
2.4 Scheduling restriction
A short TTI capable UE has to receive both slow DCI and fast DCI in order to obtain its scheduling information. While the slow DCI is signaled per subframe, a short TTI capable UE can only be initially scheduled in the beginning of each subframe, according to the proposals. However, if the data for a UE is coming in one of the short TTI in the middle of the subframe, the eNB has to schedule the UE in the next subframe. This will increase the latency of data scheduling.  On the other hand, the slow DCI in each subframe has to be decoded correctly before fast DCI is decoded.  The short TTI in this subframe will be neglected when the slow DCI was not decoded correctly.  
Observation3:Two-level DCI will introduce scheduling restriction and increase the DCI decoding error. 
As discussed above, we have the following proposal:

In summary, considering overhead reduction, robust and scheduling delay, single-level DCI works better than two-level DCI. Therefore it is proposed to adopt single-level DCI in for shorten TTI scheduling. 
3 Conclusion

In this contribution, single-level DCI and two-level DCI are discussed, we have the following observations:
Observation1: The number of CCEs required for two-level DCI is more than that of single-level DCI.Observation2: If two-level DCI is used, the legacy DCI is blocked severely by slow DCI in legacy control region.
Observation2: If two-level DCI is used, the PDCCH blocking in the legacy PDCCH region is significantly increased. 
Observation3:Two-level DCI will introduce scheduling restriction and increase the DCI decoding error. 
Proposal: Single-level DCI is adopted for shorten TTI scheduling. 
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5 Annex

	Parameter 
	Assumptions 

	Layout 
	7 Macro eNBs, 3 sectors per site;

	System bandwidth per carrier 
	10MHz 

	Carrier frequency 
	2GHz 

	Inter-site distance 
	500m 

	Total BS TX power (Ptotal per carrier) 
	46dBm 

	TTI length 
	2 symbols

	RS and control signaling overhead 
	As in [3]

	TBS determination 
	Scalable with TTI length

	HARQ RTT 
	Scalable with TTI length

	Scheduler 
	Proportional fairness 

	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 

	Penetration 
	For outdoor UEs:0dB 

	
	For indoor UEs: 20dB+0.5din (din: independent uniform random value between [ 0, min(25,d) ] for each link) 

	Shadowing 
	ITU UMa according to Table A.1-1 of 36.819 with 3D distance for shadowing correlation distance 

	Antenna pattern 
	3D, referring to TR36.819 

	Antenna Height: 
	25m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17 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 

	Antenna configuration 
	2Tx(eNB), 2Rx(UE), Cross-polarized 

	Number of UEs 
	10 UEs per macro cell 

	UE dropping 
	Randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor. 

	Traffic model 
	FTP model 2

File size [100kbits, 500kB] 

	CSI report period 
	5 TTIs between two consecutive reports 

	TCP models
	TCP Reno model (RFC 2581)
 - SSThresh 65535 Bytes
 - Initial window size 1460 Bytes
 - Max segment size 1460 Bytes

40 Bytes TCP header are added to the initial window size and max segment size

The three way handshake is not modeled as baseline.

TCP ACK feedback modeling is provided by the companies 

	UE receiver
	MMSE-IRC; other UE receiver provided by companies 

	eNB noise figure 
	5dB 

	UE noise figure
	9dB

	UE speed
	3km/h 

	Duplex mode 
	FDD

	Network synchronization
	Synchronized

	Core, transport and internet network delay
	0ms 

	DCI format
	DCI format1A

	Performance metrics
	Average CCE number needed for each PDCCH;
Average UE number scheduled in each subframe;

Average UE number scheduled in each short TTI.








