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1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. The objectives of shortened TTI are as below.

	For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

The work item should also specify base station and UE core requirements to support the above features [RAN4]

Note: The specified solutions shall preserve backwards compatibility, thus allowing operation of pre-Rel-14 UEs on the same carrier.
Note: There is no change to the system information, paging and random access procedure by this work item



Regarding the shortened TTI, the updated WID was approved in RAN#73 [2], where 2-symbol TTI for DL and UL was decided to be firstly standardized before RAN#76. This contribution considers how to design DCI for sTTI operations, i.e. sDCI.
2 Discussions 
Reduction of resource allocation bits in sDCI 


As show in SLS results during the SI [3], the control overhead significantly affects the latency performance. To reduce the control overhead, the use of reduced resource allocation bits in DCI formats can be considered. For DL case, there exist three resource allocation types, which are decided by DCI formats and eNB choice. 


One approach to reduce the resource allocation bits is to use larger size of RBG to be allocated, i.e., to increase the granularity of resource allocation. For example, RBG size between 1 and 4 is used for subframe TTI according to DL system bandwidth for resource allocation type 0. Resource allocation type 0 uses bitmap indicating the RBGs allocated to the scheduled UE. So, the bitmap size equals to 
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 is the RBG size. In this situation, it needs to be consdiered if small number of granularity is needed for short TTI. Let assume short-transmission have large RBG size compared to subframe TTI for resource allocation as shown in Table 1.

Table 1: Example of RGB size according to the TTI length

	System Bandwidth
	RBG Size (P)
14symbol TTI
	RBG Size (P)
7symbol TTI
	RBG Size (P)
3/4symbol TTI
	RBG Size (P)
1/2symbol TTI

	≤10
	1
	2
	3
	6

	11 – 26
	2
	4
	6
	6

	27 – 63
	3
	6
	9
	12

	64 – 110
	4
	8
	12
	12



If the granularity for resource allocation increases by using Table 1, the required number of resource allocation bits in DL resource allocation type 0 could be significantly reduced. It can be easily seen that, when the RBG size is used as shown in Table 1, the number of resource allocation bits could be decreased. As it can be seen, the required number of subframe TTI is almost double from that of slot TTI for RBG size in Table 1. The resource allocation for UL transmission can be similarly indicated by using increased granularity.
Table 2: Example of single-level sDCI
	Legacy DCI
(DCI format 1)

Total 48 bits
	· CIF 3 bits
· Resource allocation indication 1 bit
· Resource allocation field 13 bits

· HARQ process number 3 bits

· MCS 5 bits

· NDI 1 bit

· RV 2 bits

· TPC for PUCCH 2 bits
· HARQ resource offset 2 bits

· CRC 16 bits
	(
	Single-level sDCI

(modified based on DCI format 1)
Total 39 bits
	· CIF 3 bits
· Resource allocation field 5 bits

· HARQ process number 3 bits

· MCS 5 bits

· NDI 1 bit

· RV 2 bits

· TPC for PUCCH 2 bits
· HARQ resource offset 2 bits

· CRC 16 bits


Observation 1: The increased RBG size reduces the number of the resource allocation bits in an sDCI.

Proposal 1: For sTTI transmission, the increased RBG size is used in resource allocation indication.
Discussion on single-level sDCI and two-level sDCI

During the SI, RAN1 had discussed single-level sDCI and two-level sDCI for sTTI operations but it was not concluded. The basic idea of two-level sDCI is that some restriction on scheduling and division of the control channel into two groups can bring control overhead reduction, where a part or full of resource allocation information is transmitted once in each subframe. As illustrated in Figure 1, one group denoted as the first sPDCCH delivering slow sDCI is transmitted once per subframe while another group denoted as the second sPDCCH delivering fast sDCI is transmitted in every short TTI. Slow sDCI can be either UE-specific or common.
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Figure 1: Introduce the first and the second sPDCCHs for short TTI UEs

The contents of slow sDCI and fast sDCI can be exemplified as below. Suppose that the eNB sends DCI format 1 when FDD, system bandwidth of 50 PRBs and resource allocation type 0 are assumed. Then, the total DL control information becomes 48 bits including CRC. If it is restricted to utilize the same frequency resource for a given sTTI UE in a subframe, then CIF 3 bits and resource allocation field 11 bits can be sent by using the first sPDCCH. Additionally, if MCS and PMI are also restricted in the subframe, MCS 5 bits, PMI confirmation 1 bit and PMI 2 bits can be delivered by the first sPDCCH. This is summarized in Table 3.

Table 3: Example of division of DL control information for two-level sDCI
	Legacy DCI
(DCI format 1)

Total 48 bits
	· CIF 3 bits
· Resource allocation indication 1 bit
· Resource allocation field 13 bits

· HARQ process number 3 bits

· MCS 5 bits

· NDI 1 bit

· RV 2 bits

· TPC for PUCCH 2 bits
· HARQ resource offset 2 bits
· CRC 16 bits
	(
	Slow sDCI
Total 37 bits
	· CIF 3 bits

· Resource allocation field 13 bits

· MCS 5 bits
· CRC 16 bits

	
	
	
	Fast sDCI
Total 26 bits
	· HARQ process number 3 bits

· NDI 1 bit

· RV 2 bits

· TPC for PUCCH 2 bits
· HARQ resource offset 2 bits

· CRC 16 bits



Regarding this two-level sDCI, two scenarios can be considered: Case 1) slow sDCI requires to be transmitted in (almost) every subframe and Case 2) slow sDCI requires to be transmitted selectively. Some characteristics can be seen for the two cases as below. For Case 1, since almost every legacy PDCCH region sends the slow sDCI, the UE needs to decode all sTTI in the corresponding subframes. In this case, some information for slow sDCI can be delivered from an eNB to a UE by RRC signaling. For Case 2, only a part of subframes has slow sDCI transmitted in the legacy PDCCH region, which can be another control overhead to the legacy PDCCH region. This makes UE able to skip decoding where the slow sDCI is not transmitted. On the contrary, when a file arrives in the subframe not transmitting slow sDCI, the UE needs to wait until next subframe starts so that additional delay occurs. In two-level sDCI, a UE is required to decode both slow and fast sDCIs. If the slow sDCI decoding is failed, it is evident that the UE cannot decode the fast sDCI. If the concern of single-level sDCI is the control overhead, RAN1 can discuss the control overhead reduction schemes based on single-level sDCI as already discussed in the above.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

Observation 2: For two-level sDCI, some information corresponding to slow sDCI can be transmitted by RRC signalling instead of L1 signalling.
Observation 3: For two-level sDCI, slow DCI needs to be transmitted in the legacy PDCCH region, which can be a control overhead.
Observation 4: For two-level sDCI, if slow sDCI is transmitted in only a part of subframes, it should bring additional delay to UE operated with short TTI.

Observation 5: If the slow sDCI decoding is failed, it is trivial that the UE cannot decode the fast sDCI.
Proposal 2: Single-level sDCI is used for DL control of short TTI. 

Proposal 3: RAN1 further discuss the control overhead reduction schemes based on single-level sDCI.
3 Conclusions
In this contribution, the DL control design is discussed for short TTI. It can be summarized as below.

Observation 1: The increased RBG size reduces the number of the resource allocation bits in an sDCI.
Observation 2: For two-level sDCI, some information corresponding to slow sDCI can be transmitted by RRC signalling instead of L1 signalling.
Observation 3: For two-level sDCI, slow DCI needs to be transmitted in the legacy PDCCH region, which can be a control overhead.
Observation 4: For two-level sDCI, if slow sDCI is transmitted in only a part of subframes, it should bring additional delay to UE operated with short TTI.
Observation 5: If the slow sDCI decoding is failed, it is trivial that the UE cannot decode the fast sDCI.
Proposal 1: For sTTI transmission, the increased RBG size is used in resource allocation indication.
Proposal 2: Single-level sDCI is used for DL control of short TTI.
Proposal 3: RAN1 further discuss the control overhead reduction schemes based on single-level sDCI.
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