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1 Introduction
In RAN plenary #73, Work Item on shortened TTI and processing time for LTE was approved [1]. Furthermore, in the last RAN plenary, the Work Item was revised including the following objectives [2].

	Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings 

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

The other objectives will be completed by RAN#77 as currently planned, and will be discussed in WG meetings before RAN#76.


In the last RAN1 meeting, a WF on sPDCCH was agreed as follows [3].

	· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH) .

· QPSK is used for sPDCCH.

· Tail biting convolutional coding is used for sPDCCH.
· For CRS-based sPDCCH, 

· In time domain,

· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 


In this contribution, we discuss DCI design for shortened TTI.
2 Discussion
2.1 DCI design for shortened TTI
For the shortened TTI length, DCI design had been discussed during the study item. In the discussion, there were two types of the design; a single-level DCI design and a two-level DCI design.
For the single-level DCI, an sPDSCH is scheduled from one sPDCCH or one legacy PDCCH. Therefore if DCI contents through the sPDCCH contain the same as ones through the legacy PDCCH, the sPDCCH can schedule the sPDSCH with the same flexibility as the legacy PDCCH. However, if one sPDCCH schedule one sPDSCH one-by-one, a control signal overhead will be considerably increased within each subframe depending on the shortened TTI length. Although a multi-sTTI scheduling will reduce the control signal overhead, such scheduling may not be suitable for the low latency because such sPDSCH should be scheduled from a sPDCCH on the same sTTI.
For the two-level DCI, an sPDSCH is scheduled from two DCIs which are a slow DCI and a fast DCI. The slow DCI can be carried on the legacy PDCCH and the fast DCI can be carried on the legacy PDCCH or the sPDCCH in the same sTTI for scheduled sPDSCH. Since DCI contents for one sPDSCH scheduling are divided into two DCIs, the control signal overhead will be relaxed compared to the single-level DCI. However, some DCI contents contained in the slow DCI can be updated once every 1ms when the slow DCI is carried on the legacy PDCCH. Therefore sPDSCH scheduling may be restricted based on the DCI contents contained in the slow DCI.
In Table 1, it is summarized that Pros/Cons of single-level DCI and two-level DCI designs. Regarding the scheduling restriction, although the two-level DCI may restrict the sPDSCH scheduling, the restriction can be avoided if the DCI contents affected for the restriction can be contained in the fast DCI. In addition, the two-level DCI can reduce the control signal overhead compared to the single-level DCI. The overhead will be important especially for 2-symbol TTI length. Therefore, we prefer to support the two-level DCI design for at least 2-symbol TTI. Moreover, the DCI contents for the two-level DCI should be divided taking into account a trade-off between the scheduling restriction and the control signal overhead.

Proposal 1: The two-level DCI design should be supported for at least 2-symbol TTI.

Table 1: Pros/Cons of single-level DCI and two-level DCI designs
	
	Pros
	Cons

	Single-level DCI
	· sPDSCH can be scheduled with the same flexibility as the legacy PDCCH.
	· Control signal overhead will be increased compared to the two-level DCI.

	Two-level DCI
	· Control signal overhead will be relaxed compared to the single-level DCI.
	· sPDSCH scheduling may be restricted based on the DCI contents contained in the slow DCI.


In the last RAN1 meeting, a frequency resource for sTTI transmissions is indicated by eNB for at least CRS-based sPDCCH. Two types of options can be considered for the indication of the frequency resource as follows.
Option 1: The frequency resource for sPDCCH is configured via RRC signalling.

Option 2: The frequency resource for sPDCCH is indicated via a slow DCI.

In option 1, although information bits in the slow DCI are not consumed for the indication of the frequency resource, the resource may not be changed depending on the channel state. If a distributed transmission is supported for sPDCCH, option 1 may be suitable for the distributed transmission. On the other hand, in option 2, although information bits in the slow DCI are consumed for the indication of the frequency resource, the resource can be changed depending on channel state for each subframe. If a localized transmission is supported for sPDCCH, the option 2 may be suitable for the localized transmission. Moreover, option 2 is superior for a scheduling flexibility compared to option 1. The flexibility may be important for a FDM of sPDCCH and legacy PDCCH within a subframe. Therefore we slightly prefer to option 2 if the signalling overhead for the indication can be relaxed.
Proposal 2: The frequency resource for sPDCCH can be indicated by a slow DCI for each subframe.
2.2 Blind decoding for slow DCI
Given that the frequency resource for sPDCCH is shared by one or more UEs capable for sTTI transmission in common with EPDCCH, the slow DCI should be common information for their UEs. Therefore a PDCCH including the slow DCI is scrambled by a new RNTI for sTTI transmission, and mapped in a common search space as in eIMTA. If a UE is configured with sTTI transmission by eNB, the UE monitors a slow DCI using the RNTI for sPDCCH in the common search space. Moreover, the slow DCI is defined by the same size as DCI format 0/1A in order to keep a UE complexity regarding a blind decoding.

Proposal 3: A slow DCI is monitored with new RNTI for sPDCCH in a common search space.
Proposal 4: A slow DCI is defined by the same size as DCI format 0/1A.

2.3 Blind decoding for fast DCI
A fast DCI can be used for a downlink assignment for sPDSCH and an uplink grant for sPUSCH within each sTTI. If a fast DCI for DL and a fast DCI for UL are defined by different size, UE have to decode them separately. A scheduling flexibility for sPDCCH may be restricted considering a limited number of blind decoding within each sTTI. Therefore both the fast DCI for DL and UL should be defined by the same size in order to realize an efficient blind decoding. The fast DCI can include a flag indicating a usage of either the downlink assignment or the uplink grant.
Proposal 5: Both a fast DCI for DL and a fast DCI for UL are defined by the same size.
For a PDCCH/EPDCCH, an aggregation level is used for a link adaptation of a DCI. The aggregation level is beneficial for the sPDCCH. A UE monitoring the PDCCH/EPDCCH performs a blind decoding for several aggregation levels so that a coding rate of the received DCI can be dynamically changed for each TTI. Given that the link adaptation of the DCI for a UE depends on a CSI reporting from the UE, a coding rate for sPDCCH may not have to be dynamically changed for each sTTI. Therefore the fast DCI may be transmitted by the same aggregation level within certain duration. The aggregation level for the fast DCI can be indicated by eNB via a corresponding slow DCI or an RRC signalling. This can realize to limit the number of blind decoding for sPDCCH.
Proposal 6: An aggregation level for a fast DCI can be indicated by eNB via a corresponding slow DCI or an RRC signalling.
3 Conclusion
In this contribution, we discussed sPDCCH for a shortened TTI transmission, where our proposals are summarized as below:
Proposal 1: The two-level DCI design should be supported for the shortened TTI.
Proposal 2: The frequency resource for sPDCCH can be indicated by a slow DCI for each subframe.
Proposal 3: A slow DCI is monitored with new RNTI for sPDCCH in a common search space.

Proposal 4: A slow DCI is defined by the same size as DCI format 0/1A.

Proposal 5: Both a fast DCI for DL and a fast DCI for UL are defined by the same size.
Proposal 6: An aggregation level for a fast DCI can be indicated by eNB via a corresponding slow DCI or an RRC signalling.
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