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Introduction
In RAN1#86b, followings were conclusion for study.
	Agreement
· Select a sTTI scheduling scheme among the following candidates for each sTTI length
· Single level DCI 
· RRC configuration of sPDCCH search space and/or sPDCCH frequency region
· UE-specific information in sDCI related to sPDSCH/sPUSCH
· Two level DCI 
· RRC configuration may or may not at least partially indicate sPDCCH frequency region/search space for some of the variants described below
· variant 1
· Slow DCI: non UE-specific information in PDCCH 
· Fast DCI: UE-specific information in sDCI
· variant 2
· Slow DCI: UE-specific information in PDCCH
· Fast DCI: UE-specific information in sDCI
· variant 3
· Slow DCI: UE-specific information in PDCCH and/or sPDCCH
· Fast DCI: UE-specific information in sDCI
· Note: the sTTI scheduling scheme may be the same or different for different sTTI length
· FFS how to reduce the payload of sDCI/DCI messages for sTTI operation
· FFS support of multi-sTTI scheduling
· Additional L1 signaling related to sTTI operation can be considered
· 


[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss single level DCI /two-level DCI and sPDCCH monitoring configurations. This is update of R1-161209.
Discussion
Single level DCI /two-level DCI
At first, we compare single level DCI and two-level DCI. Within two-level DCI, we identify three variants. Following is some detailed analysis on each case,
Single level DCI
For single level DCI, every DCI contains full information and UE should monitor every search space on every sTTI. It is shown in Figure 1. The resource allocation is high flexibility. When multiple sTTIs are allocated to one UE, the DCI contents are duplicated and the overhead of DCI is high. Note that for 2 OFDM symbols, to reduce the overhead of sPDCCH is important for better throughput and latency [1][2].
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[bookmark: _Ref450760917]Figure 1 single level DCI

Two level DCI variant 1 (Group common slow DCI and UE specific fast DCI)
Group common slow DCI is realized by PDCCH, which is located in legacy PDCCH region. UE specific fast DCI is realized by sPDCCH, which is located in every sTTI. It is shown in Figure 2. 
For example, DCI contents can be indicated following manner.
- Group common DCI indicates group common resource block assignment /RV and UE specific TPC command/SRS request CSI request. 
- UE specific fast DCI indicates MCS, MIMO related information, HARQ process number and NDI. To realize some scheduling flexibility, it is also possible that UE specific fast DCI includes resource block assignment information but the range or size should be limited.
In which DL subframe the slow DCI is transmitted is determined by eNB while the UE blindly detects slow DCI in every PDCCH in non DRX subframe and non-valid subframe. This is option 3 of Question 6 in [3]
UE only monitor fast DCI when UE can detect slow DCI. Therefore, if slow DCI is missed by UE, fast DCIs are also missed. 
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[bookmark: _Ref450760885]Figure 2 Two-level DCI Variant1

Two level DCI Variant 2 (UE specific slow DCI and UE specific fast DCI. Slow DCI in PDCCH region)
UE specific slow DCI is realized by PDCCH, which located in legacy PDCCH region. UE specific fast DCI in sPDCCH is realized by sPDCCH, which is located in every sTTI. It is shown in Figure 3.
For example, DCI contents can be indicated following manner.
- Slow DCI indicates Resource block assignment, MCS, SRS request, TPC command, MIMO related information, RV and CSI request. 
If sTTI#0 is allocated by slow DCI, HARQ process number and NDI for  sTTI#0 are also included.
- Fast DCI indicates HARQ process number and NDI.
For RV, if it is better to set different values for different sTTIs in a subframe, it should be indicated by Fast DCI. If a common RV value across all sTTIs in a subframes has no problem, it would be indicated by slow DCI. 
As same as variant 1, UE only monitor fast DCI when UE can detect slow DCI. Therefore, if slow DCI is missed by UE, fast DCIs are also missed.
In Figure 3, slow DCI for UE A, UE B and UE C in PDCCH indicate PRBs allocation for each UE. For UE A, slow DCI also includes information for fast DCI in sTTI#0. Then UE A receives sPDSCH (red) in sTTI#0. In sTTI#2, UE A and UE B detect fast DCI. Then UE A and UE B receive sPDSCH on PRBs (red for UE A and purple for UE B) which are allocated by slow DCI.
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[bookmark: _Ref450760932]Figure 3 Two-level DCI Variant2

Two level DCI Variant 3 (UE specific slow DCI and UE specific fast DCI. Slow DCI in PDCCH and sPDCCH region)
It is shown in Figure 4. Slow DCI in sTTI#X include full DCI contents for sTTI#X. When UE detect slow DCI in sTTI#X, UE knows sPDSCH in sTTI#X is allocated.

For example, DCI contents can be indicated following manner.
- Slow DCI indicates Resource block assignment, MCS, SRS request, TPC command, MIMO related information, RV, CSI request, HARQ process number of first allocation and NDI for first allocation 
- Fast DCI indicates HARQ process number and NDI.

In Figure 4, slow DCI for UE A on PDCCH region indicates PRBs allocation for UEA and it includes information for fast DCI in sTTI#0. Then UE A receives sPDSCH (red) in sTTI. When UE A detects fast DCI in sTTI#2, UE A receives sPDSCH (red) which are allocated by slow DCI. When UE B detects slow DCI in sTTI#2, UE B receives sPDSCH (purple) in sTTI#2.
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[bookmark: _Ref450760944]
Figure 4 Two-level DCI Variant3

The comparison of single level DCI and variants of two-level DCI is shown in Table 1.

Table 1 The comparison of single level DCI and two-level DCI 
	
	Single-level DCI
	Two- level Variant 1
	Two- level Variant 2
	Two- level Variant 3

	Overhead in case multiple sTTIs are assigned to single UE
	Large
	Low
	Larger than Variant1
	Larger than Variant1

	Flexibility of resource allocation
	Full flexibility
	In case of multiple UEs, several sTTI is blocked if there is no additional resource allocation bit in fast DCI.
	
	Higher flexibility than Variant 2

	Latency of initial DL data transmission
	Short delay
	Short delay
	Larger than the other option because to slow DCI is dedicated and located in PDCCH region.
	Short delay

	Blind decoding for USS
	USS in PDCCH for 1st TTI and each sTTI SS
	Group common SS and each sTTI SS 
	USS in PDCCH for slow DCI and 
each sTTI SS from second TTI
	USS in PDCCH for slow DCI and each sTTI SS for slow or fast DCI

	Power reduction of blind decoding
	
	When UE doesn’t detect group common SS, UE can skip to monitor each sTTI SS
	When UE doesn’t detect slow DCI in PDCCH, UE can skip to monitor each sTTI SS
	



For power reduction, to design dynamic activation/deactivation availability on slow DCI monitoring in two level DCI variant 1 and variant 2 may just save very small power in UE side especially considering DRX mechanism. 
For DL and UL assignment in{7,7} sTTI, the overhead reduction of two-level DCI has no gain. Therefore, single level DCI is preferable to support full flexibility of resource allocation.
Proposal 1: Single level DCI should be used for {7,7} sTTI
For DL and UL assignment in {2,2} sTTI and DL assignment in{2,7}sTTI sTTI, two-level DCI has gain to reduce overhead. In case UL assignment in {2,7}sTTI, there is no gain of overhead reduction. However support of two types of DCI is complicated. Then Two-level DCI should be also used for both DL and UL assignment in {2,7} sTTI. In Variant 2, latency is larger than the other variants because to slow DCI is dedicated and located in PDCCH region. We are OK either of variant 1 or 3. 
[bookmark: OLE_LINK258][bookmark: OLE_LINK259][bookmark: _GoBack]Proposal 2: Two-level DCI should be used for {2,2} sTTI and {2,7} sTTI. Variant 2 should be avoided. We are OK either of variant 1 or 3.

sPDCCH monitoring configurations

In above two-level DCI variant 1, sPDCCH regions can be allocated by group common DCI. In other variants, for sTTI UE, sPDCCH regions should be indicated by UE specific RRC signalling like a EPDCCH/MPDCCH configuration or indicated by group common DCI like a LAA and eIMTA. 
In addition, in order to protect several UL and DL subframes for other purposes (ICIC, CoMP, D2D or eMTC), valid subframe induction to sTTI UE may be considered. It is TDM manner based on a subframe. By so, the effect of latency reduction is limited. However there are several merits. When the valid subframe indication is introduced, the valid DL subframe and valid UL subframe don’t need to be aligned for the timing of sTTI. The timing of sPDCCH to sPUSCH and sPDSCH to sPUCCH can be adjusted without additional indication in DCI. In addition, the false alarm on sPDCCH can be reduced.
Proposal 3: Indication of valid/invalid subframe for sTTI should be introduced. 

Conclusion
In this contribution, we discuss single level DCI /two-level DCI and sPDCCH monitoring configurations. We propose 
Proposal 1: Single level DCI should be used for {7,7} sTTI. 
Proposal 2: Two-level DCI should be used for {2,2} sTTI and {2,7} sTTI. Variant 2 should be avoided. We are OK either of variant 1 or 3.
Proposal 3: Indication of valid/invalid subframe for sTTI should be introduced.
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