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1 Introduction
In RAN1 #84bis meeting, the following agreements and working assumption on sPDCCH design were made [1]:
Agreement:
· sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI.

· Each short TTI on DL may contain sPDCCH decoding candidates

Working assumption:
· CRS-based sPDCCH is recommended to be supported 

· FFS whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region 
· DMRS-based sPDCCH is recommended to be supported 

· Design of both CRS-based sPDCCH and DMRS-based sPDCCH will be studied further. 

Conclusions:

· A maximum number of BDs will be defined for sPDCCH in USS

· In case 2-level DCI is adopted, any DCI for sTTI scheduling carried on PDCCH may be taken into account in the maximum total number of BDs 

· FFS whether the maximum number is dependent on the sTTI length

· FFS whether the maximum number of blind decodes for (E)PDCCH is reduced in subframes in which the UE is expected to perform blind decodes for sPDCCH
· FFS whether a UE may be expected to monitor both EPDCCH and sPDCCH in the same subframe

· FFS whether the maximum number of BDs on PDCCH is changed from the legacy number

·  if DCI on PDCCH is for sTTI scheduling

Conclusion for study till RAN1#85: 

· 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

Aim to reduce the number of schemes under consideration at RAN1#85.
This contribution discusses the sPDCCH for short TTI, including sTTI DCI, scheduling and sPDCCH structure design.
2 Two-level DCI analysis
Compare two-level DCI with single-level DCI
Two-level DCI would be introduced for sTTI mainly on consideration of control overhead reduction comparing with single-level DCI. For slow DCI, the size of field selected per subframe from single-level DCI should be as large as possible in order to obtain control overhead reduction comparable with 16 bits CRC increase in fast DCI. Large size field, e.g. resource allocation, should be selected from single-level DCI. Otherwise the fast DCI size will be similar to single-level DCI and the benefit of two-level DCI does not hold. Example of single-level DCI and two-level DCI are listed in Table 1 and Table 2 respectively. Other indication could be added in slow DCI, such as sTTI length, fast DCI resource indication and TM for sPDSCH. Another benefit of two-level DCI is that complexity of blind detection could be reduced. 
Table 1 Single-level DCI (DL grant)
	Information field
	Number of bits

	CRC
	16

	CIF
	3

	UL/DL grant flag
	1

	Resource allocation
	25 (type0) with 20MHz Bandwidth

	MCS
	5

	RV
	2

	NDI
	1

	HARQ process
	3

	TPC for PUCCH
	2

	Precoding and layer information
	3

	Total
	61


Table 2 Two-level DCI (DL grant)
	Slow DCI (per subframe)
	Fast DCI (per sTTI)

	Information field
	Number of bits
	Information field
	Number of bits

	CRC
	16
	CRC
	16

	CIF
	3
	Further Resource allocation
	3

	Resource allocation
	25 (type0) with 20MHz Bandwidth
	MCS
	5

	
	
	RV
	2

	
	
	NDI
	1

	
	
	HARQ process
	3

	
	
	TPC for PUCCH
	2

	
	
	Precoding and layer information
	3

	Total
	44
	Total
	35


Reliability of two-level DCI maybe reduced since false detection could come from any one of the two DCIs. Performance results for two-level DCI and single-level DCI are compared as shown in Figure 1 with conditions below:

Resource occupied for slow DCI is same with single-level DCI, e.g. 4CCE;
Resource occupied for fast DCI is same with or half of single-level DCI, e.g. 4CCE, 2CCE
Details simulation assumptions are in Annex Table A-1.
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Figure 1 Performance of single-level DCI and two-level DCI
Case 1: When aggregation level used for fast DCI and single-level DCI are same, required SNR for single-level DCI is 0.145dB with BLER=1%. BLER for slow DCI and fast DCI is 0.00121 and 0.00039 at SNR=0.145dB. Reliability of two-level DCI is (1-0.00121)×(1-0.00039)=0.9984 and larger than 99%. So Reliability of two-level DCI would be improved compared with single-level DCI with no reduction of resource occupied. Reliability of two-level DCI compared with single-level DCI for case 1 is shown in Figure 2.
Case 2: When aggregation level used for fast DCI is smaller than that used for single-level DCI, required SNR for single-level DCI is 0.145dB with BLER=1%. BLER for slow DCI and fast DCI is 0.00121 and 0.0128 at SNR=0.145dB. Reliability of two-level DCI is (1-0.00121)×(1-0.0128)=0.986 and smaller than 99%. So Reliability of two-level DCI would be decreased compared with single-level DCI with reduction of resource occupied. Reliability of two-level DCI compared with single-level DCI for case 2 is shown in Figure 3.
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Figure 2 Case 1
[image: image3.emf]-8 -7 -6 -5 -4 -3 -2 -1 0 1 2

10

-2

10

-1

10

0

SNR(dB)

Reliability

 

 

single-level DCI

two-level DCI


Figure 3 Case2
Observation 1: When aggregation level used for fast DCI is smaller than that used for single-level DCI on consideration control overhead reduction, reliability of two-level DCI would be decreased compared with single-level DCI. Tradeoff the aggregation level of fast DCI and slow DCI can results in better efficiency.
Another issue for two-level DCI is whether slow DCI is cell-specific or UE-specific message. Starting of receiving sPDSCH according to downlink control information should be triggered by fast DCI. Otherwise, time delay would be larger than single-level DCI. Slow DCI should contain cell-specific or group-specific scheduling information in order to improve resource efficiency compared with UE-specific slow DCI.
Proposal 1: Fast DCI size should be as small as possible in order to achieve benefit of control overhead reduction if two-level DCI introduced. Slow DCI should contain cell-specific or group-specific scheduling information in order to improve resource efficiency.
3 Scheduling with short TTIs
To fully ensure backward compatibility, it is agreed that existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier. For further consideration, PRBs for sTTI can be semi-statically or per-subframe configured by eNB. And length of sTTI could be semi-statically or per-subframe configured by eNB. If length of sTTI is dynamically indicated by fast DCI, this would increase complexity of timing relations and processing.
It is yet to be decided that whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region. For the legacy PDCCH region, sTTI DCI including single-level DCI or slow DCI for the first sTTI should be multiplexed with other legacy DCIs. By using the same structure of PDCCH, there are not compatibility issues. This can well support both single-level DCI scheme and two-level DCI scheme. 
For the legacy PDCCH region, sTTI DCI including single-level DCI or slow DCI in the first sTTI could be carried by PDCCH.  
Proposal 2: It is preferable that CRS-based sPDCCH structure is not transmitted in the legacy PDCCH region. Instead, sTTI DCI in first sTTI could be carried by legacy PDCCH by using the legacy structure. 
4 sPDCCH design consideration
4.1 Multiplexing between sPDCCH and sPDSCH in short TTITwo options for multiplexing between sPDCCH and sPDSCH can be:

· sPDCCH region and sPDSCH region in the short TTI are in time-division. For example, in a short TTI without legacy PDCCH, the first OFDM symbol is sPDCCH region and the other OFDM symbols are used for sPDSCH. In such TDM scheme, the principle of legacy PDCCH structure including the concepts of REG/CCE can be reused for sPDCCH.
· sPDCCH region and sPDSCH region in the short TTI are in frequency-division. In such FDM scheme, the design principle for EPDCCH including concepts of EREG/ECCE may be reused. 
TDM scheme has the advantage of earlier DCI detection compared to FDM scheme. However, if short TTI contains fewer OFDM symbols, there is no significant difference on processing latency between the two schemes. On the other hand, FDM scheme could be more flexible in the tuning of sPDCCH overhead. This is proven by EPDCCH scheme which have better resource granularity. Larger overhead can increase the transmission delay due to less resource available to sPDSCH.
Proposal 3: Both processing latency and resource overhead should be taken into account for multiplexing between sPDCCH and sPDSCH in short TTI.
Combination above two options, we are preferable that sPDCCH could be configured with some short PRBs in the first or first few OFDM symbols in short TTI. Therefore processing latency and resource overhead could be both addressed. As shown in Figure 4, sPDCCH with distributed short PRBs in the first OFDM symbols in one short TTI are used for sPDSCH scheduling in the same short TTI. Distributed short PRBs in the first OFDM symbols in one short TTI are shown in [2] for purpose of evaluation.
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Figure 4 sPDCCH in sTTIs
Proposal 4: sPDCCH could be configured with some short PRBs in the first or first few OFDM symbols in short TTI.
4.2 sPDCCH Multiplexing in search spaceIn sPDCCH search space, multiple sPDCCHs can be multiplexed. The blind detection is then needed at the receiver. Another alternative is that the sPDCCH search space is only for DL grant of one UE and different UEs use different sPDCCH search space in a short TTI. In the second alternative, blind detection is simplified and processing delay can be reduced. However, more resources for non-shared sPDCCH including UL grant need to be predefined and result in low throughput for short TTI, which in reduce the benefit of the processing time reduction. Thus, multiple sPDCCHs should be allowed to share sPDCCH search space.
Proposal 5: Multiple sPDCCHs should be allowed to share sPDCCH search space.
4.3 Blind detection for sTTI UEBlind detection mechanism for sPDCCH in short TTI is expected similar to legacy PDCCH blind detection in a subframe. If maximum number of blind detection per short TTI is the roughly the same across different TTIs and equal to that of legacy PDCCH, blind detection complexity would linearly increase with number of short TTIs in a subframe. This will be too much high number of detection per 1ms for a UE. Significant reduction on this example of maximum number of blind detection in each TTI should be done in order to limit the increase of processing delay caused by blind detection. Consequently, the number of candidates and aggregation levels for sTTI UE should be reduced according to length of short TTI. Take UE-specific search space of legacy PDCCH as example, aggregation level 1, 2, 4, 8 CCEs with 16 candidates would bring 32 blind decoding attempts. If 2 sTTIs and each with 7 OFDM symbols are defined in one subframe, half candidates could be reserved. If 7 sTTIs and each with 2 OFDM symbols are defined in one subframe, about 2 candidates could be reserved and 1 or 2 aggregation levels could be reserved. Consideration different aggregation levels could be used depend on different coverage or channel conditions, so one or two aggregation level(s) with predefined number of candidates could be configured for UE in order to reduce maximum number of blind detection.
Proposal 6: Number of aggregation levels and candidates in search space for sTTI UE should be limited. Aggregation level(s) could be configurable for an UE.
4.4 Resource allocation for sPDSCHResource allocation for sPDSCH could be restricted in sTTI band which is semi-static or dynamically configured by eNB. As sPDCCH might use partials short PRBs in first or first few OFDM symbols in the same sTTI, rate matching of sPDSCH in allocated PRBs should avoid resource occupied by sPDCCH or search space. In order to reduce overhead of resource allocation for sPDSCH, partials or whole resource allocation for sPDSCH could be implicitly obtained by sPDCCH locations in search space. As shown in Figure 3, PRBs for sPDSCH could be implicitly obtained by sPDCCH locations in search space and PRBs for sPDCCH in search space are bounded with sPDSCH resource allocation taken into account. In Figure 5 (a), one search space is configured for UE and rate matching of sPDSCH in allocated PRBs should avoid resource for by search space which candidates might include UL grant. While in Figure 5(b), one search space only for DL grant and another one for UL grant/DL ACK/NACK are configured for UE and rate matching of sPDSCH in allocated PRBs should avoid resource occupied by its own sPDCCH since search space for UL grant/DL ACK/NACK are FDMed with sPDSCH in the same or different sTTI bands. 
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Figure 5 sPDCCH in sTTIs
Proposal 7: Resource allocation for sPDSCH could be restricted in sTTI sub-band. To further achieve overhead reduction of resource allocation, partials or whole resource allocation for sPDSCH could be implicitly obtained by sPDCCH locations.

5 Conclusion

According to the analysis given above, we have the following observations and proposals:
Observation 1: When aggregation level used for fast DCI is smaller than that used for single-level DCI on consideration control overhead reduction, reliability of two-level DCI would be decreased compared with single-level DCI. Tradeoff the aggregation level of fast DCI and slow DCI can results in better efficiency.
Proposal 1: Fast DCI size should be as small as possible in order to achieve benefit of control overhead reduction if two-level DCI introduced. Slow DCI should contain cell-specific or group-specific scheduling information in order to improve resource efficiency.
Proposal 2: It is preferable that CRS-based sPDCCH structure is not transmitted in the legacy PDCCH region. Instead, sTTI DCI in first sTTI could be carried by legacy PDCCH by using the legacy structure.
Proposal 3: Both processing latency and resource overhead should be taken into account for multiplexing between sPDCCH and sPDSCH in short TTI.

Proposal 4: sPDCCH could be configured with some short PRBs in the first or first few OFDM symbols in short TTI.
Proposal 5: Multiple sPDCCHs should be allowed to share sPDCCH search space.
Proposal 6: Number of aggregation levels and candidates in search space for sTTI UE should be limited. Aggregation level(s) could be configurable for an UE.
Proposal 7: Resource allocation for sPDSCH could be restricted in sTTI sub-band. To further achieve overhead reduction of resource allocation, partials or whole resource allocation for sPDSCH could be implicitly obtained by sPDCCH locations.
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7 Annex

Table A-1 Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	TTI length
	1~7 symbols

	Channel model 
	EPA

	UE speed 
	3km/h 

	Antenna configuration
	2Tx(eNB), 2Rx(UE) 

	DCI formats
	Single-level DCI, two-level DCI

	CP length
	Normal

	SPDCCH design
	First symbol in short TTI

	Receiver type
	MMSE

	Channel estimation
	Practical

	Performance metrics
	1% BLER 
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