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1. Introduction
In the RAN1 meeting #84b [1], companies agreed that two-level DCI can be further studied. This two-levels consist of:
· slow-DCI, transmitted at most once per subframe and its content applies to more than one sTTI 

· fast-DCI, transmitted in sPDCCH and its content applies only to a specific sTTI. 
However, in RAN1 meeting #85 companies’ views on support of two-level control operation as well as details were still diverse, preventing RAN1 from taking further agreements. It is still opened whether single-level or two-level DCI will be agreed. In addition, if two-level DCI is adopted, should slow DCI be common or user-specific and what content these two DCIs should carry. Therefore, in this paper we describe our view on how two-level DL control for shorter TTI should operate as well as summarize the benefits of the two-level DCI.  
2. Two-level control channel operation   

In this section, we describe the basic features of two-level DCI according to our views. The envisioned two-level DL control operation is illustrated by a specific example in Figure 1. There, legacy 14-symbol, short 7-symbol and short 3/4-symbol TTI is scheduled in DL subframe n by the eNB, where sTTI band grant (slow-DCI) transmitted on PDCCH of the same DL subframe n determines frequency resources available for the sTTI band in DL subframe n and UL subframe n+x, where x depends on the sTTI length and processing time requirements. For example, for 7-symbol sTTI and assuming m+4 UL scheduling delay, where m is sTTI index, we set x=2, whereas for shorter sTTI lengths the UL sTTI band is given in the following subframe (i.e. x=1). At the same time, the slow-DCI points to the sTTI length specific DL control regions, one in each sTTI, where sTTI length specific and user-specific fast-DCIs are transmitted. The fast-DCIs of the first DL sTTI per subframe can be transmitted within legacy PDCCH region. Specific parameters of the sPDCCH may be partially higher-layer configured or are signaled in the slow DCI (incl. a combination of both), which is common to all UEs operating with the same sTTI length. The slow DCI is transmission mode (TM) agnostic and is to be monitored by all UEs configured for sTTI operation.
Proposal-1: The slow DCI is common to all UEs operating the same sTTI length. A slow DCI transmitted in subframe n assigns

· the sTTI band within the same DL subframe n, and
· the sTTI band for one of the following UL subframes n+x, where x is dependent on the sTTI length and the processing time requirements (which are still FFS).

Proposal-2: A slow DCI defines parameters of sPDCCHs transmitted within the same DL subframe, in which it has been transmitted.
According to the example illustrated in Figure 1, the 7-symbol sTTI band in UL and DL (in green) is non-continuous. We consider to enable to split the sTTI band further into e.g. N=4 independently schedulable sub-bands, which allows sPDCCH to schedule up to four UEs within the sTTI. In case of 3/4-symbol sTTI, there could be only two subbands, enabling to schedule up to two users in an FDMA manner. These sub-bands could be of equal size as well as of unequal size. In addition, sub-band configuration could be semi-statically configured or signaled by eNB in slow-DCI. 
Proposal-3: The sTTI band is further split into sub-bands schedulable by the fast DCI.
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Figure 1 Two-level control operation

The number of users to be scheduled in sTTI band of given length is for further study. However, our system simulations [2] indicate that for 7-symbol sTTI and moderate resource utilization, simultaneous scheduling of up to 2-3 UEs would be beneficial meaning that the scheduling granularity available in the fast DCI (denoted here with subband, details for FFS) would need to enable multi-user FDM multiplexing. On one side, a larger number of sub-bands /smaller scheduling granularity would improve the scheduling flexibility, on the other side the signaling overhead for resource allocation in the second grant would increase and a rather course resource allocation in the fast DCI should be sufficient. 

Figure 1 further illustrates the sPDCCH regions within each DL sTTI. The sPDCCH contains fast-DCIs, which may carry UL grants and DL assignments. A UE configured for a given sTTI length follows the USS on sPDCCH of that sTTI length and performs blind search for its own UL grants and DL assignments. While fast DL assignments transmitted in sTTI m are valid in the same sTTI m, the UL grants are valid in the UL sTTI m+y, where y depends on processing time requirement, e.g. y=4. 
Proposal-4: Fast-DCIs transmitted in sPDCCH in sTTI m schedule sPDSCHs in sTTI m and sPUSCHs in the sTTI m+y.

The slow-DCI may flexibly set the size of sPDCCH (e.g. in number of (E)CCEs) on the subframe bases. However, the number of fast DCIs transmitted within each DL sTTI may still vary. In order to minimize the control overhead in each sTTI, the fast DCI could further contain information on which control resources within the sPDCCH have been used and which may be used for sPDSCH operation in order to dynamically adjust the DL control overhead on a sTTI to sTTI bases. 

3. Advantages of the proposed two-level DL control  
In this section we summarize the advantages of our two-level control design presented in Section 2. From UE perspective, the design supports dynamic (on subframe bases) switching between one short TTI and legacy TTI. From eNB perspective, multiple sTTI length can be FDMed within the single subframe. Furthermore, we find following aspects to be of benefit for sTTI operation:       

1) The eNB may adapt size of overall available DL control resources on subframe bases through the slow DCI signaling. 
2) In addition, the eNB may signal unused DL control resources with the fast DCI and may therefore enable usage of unused DL control resources on a sTTI bases. This being the key feature to keep control overhead low. 
3) Contrary to user-specific slow DCI, only a single common slow DCI per sTTI size need to be transmitted within the subframe. This prevents sTTI control from jamming/blocking the legacy PDCCH region and does not significantly increase the control overhead. The slow DCIs may be transmitted on the common search space of the cell and the sTTI length specific slow DCI may be sTTI-length-specifically scrambled (sTTI-RNTI). A UE can be configured with one or multiple sTTI-RNTIs. Alternatively, all slow DCIs (one per sTTI size) are using the same RNTI and the applicable sTTI length of the slow DCI can be signalled explicitly within the DCI. The UE is configured to monitor for slow DCIs of a single configured sTTI length.
4) The proposed two-level design supports fully flexible frequency selective DL multiplexing of sTTI users operating with the same sTTI length. Therefore, the overall sTTI band can be assigned to a single user and in the next sTTI the sTTI band can be shared by several users instead if preferred by scheduler. In addition, slow DCI indicating the sTTI band for a subframe could simplify the resource allocation signaling in the fast DCI as the sTTI resources given in the sTTI specific slow DCI already point to a subset of the overall available PRB resources. 

5) Slow-DCI can be used as an ON/OFF switch of sTTI operation on a subframe to subframe bases. For example, a UE configured for sTTI operation but not receiving the slow-DCI for that sTTI length can switch OFF the sTTI related processing, leading to power savings as e.g unnecessary sTTI DL control decoding would not be required.  
6) The fast DCIs on sPDCCH carry both UL assignments and DL grants. Therefore, if DCI format size for UL and DL grants can be made the same, the number of required blind decodes due to fast-DCIs can be minimized. 
7) The reliability of the two-level DCI can be made comparable to single-level DCI by targeting a lower BLER such as 0.1% for the common slow DCI only. As only a single common DCI per sTTI length and subframe needs to be transmitted this will not significantly increase the DL control overhead (especially as the common DCI is to be transmitted in the legacy CSS PDCCH region). The reliability of fast DCI can stay at the level of the single-level DCI (such as 1% BLER). This way, the reliability of the two-level DCI can be kept at 1.1% BLER.
Observation-1: Two-level DCI decreases the control overhead by enabling dynamic adaptation (on a subframe bases) of control channel resources as well as reuse of control resources for DL data.

Observation-2: Contrary to user-specific slow DCIs, common slow DCI transmitted within legacy PDCCH regions will not jam/block the legacy PDCCH region, nor increase the control overhead.
Observation-3: The reliability of the two-step DCI can be kept at 1.1% BLER, by targeting a lower BLER of 0.1% for common DCI only.
Proposal-5: Adopt two-level DCI sTTI operation according to section 2, using common slow-DCI and user-specific fast-DCI. 

4. On the content of “slow” and “fast” DCI  

In this section, we discuss the information elements the slow and fast DCI could carry including some exemplary number of bits. The required baseline content is a direct consequence of the envisioned two-level DCI operation described in the Section 2.
Table 1 shows the exemplary content of slow DCI. The content of the DCI may be of approximately 60bits, assuming legacy RA signaling types and being dependent on the system bandwidth. The number of required bits for “sPDCCH parameters” and “Sub-band configuration within sTTI band” fields is for further study and will depend on which parameters would be dynamically configurable. 
Table 1 Exemplary Slow-DCI content

	Field name
	Details
	Tentative number of bits

	Resource allocation of sTTI DL band


	TYPE 0 /TYPE 2 RA 

Note: Allocated band is then split equally or unequally into [image: image3.png]


 (e.g. 4) subbands addressed by fast DCI.
	11 - 25 bits (BW dependent)

	Resource allocation of sTTI UL band


	TYPE 2 + dual cluster RA
Note: Allocated band is then split equally or unequally into [image: image5.png]


  (e.g. 4) subbands addressed by fast DCI.
	11 - 25 bits (BW dependent)

	sPDCCH parameters
	A configuration of sPDCCH in sTTI, which defines total control resources, e.g. a number of candidates for each aggregation level within each sTTI of a subframe.
	FFS

	sTTI length
	Identifies the length of sTTI to which this DCI applies.  Alternatively, sTTI length may be tight to sTTI-RNTI.
	1-2 bits

	Sub-band configuration within sTTI band
	Identifies number of sub-bands [image: image7.png]NyL oL



 and/or their sizes, if not set semi-statically 
	FFS

	CRC+RNTI
	Error detection
	16


Table 2 describes an example of the sTTI length specific fast DCI content. The majority of required bits for the fast DCI are related to MCS & HARQ operation. The newly added fast DCI parameters are (i) compact resource allocation within the sTTI subband, allowing for scheduling up to N users in parallel, and (ii) the information about which control resources within the sTTI contain data/control symbols. In Table 2, the main differences of the fast DCI and the legacy DCI scheduling PDSCH and PUSCH are marked in green. The size of this fields would be for further study. However, clearly the compact RA would require much less bits than legacy RA.    
Table 2 Exemplary Fast DCI content

	Field name
	Details
	Tentative number of bits

	Baseline transmission parameter of the configured UL or DL TM
(same as in legacy TTI)

	MCS (SU-MIMO)
	2 x 5 bits

	
	HARQ process for DL / UL
	3-4 bits  (FDD/TDD)

	
	RV (SU-MIMO)
	2x2 bits

	
	NDI (SU-MIMO)
	2x1 bits

	
	PMI/port/RI
	4-6 bits

	
	Other TM specific legacy parameters (UL/DL indicator, swap flag, TPC, etc.)
	[image: image9.png]


 bits

	Compact RA within the subband for sTTI
	For example if sTTI band is split into [image: image11.png]Npr v



,  a compact 3bit RA allows to schedule following combinations of sub-bands to a single UE :  [1, 2, 3, 4, 1&2, 2&3, 3&4, 1-3, 1-4].
	FFS

	Information about unused control resources
(for DL grants only)

	Indication of used/unused DL control resources (e.g.which CCEs of sPDCCH are used for sPDSCH data).
	FFS

	CRC+RNTI
	Error detection
	[image: image12.png]16






5. Summary
Based on the discussion in above, we have the following observations and proposals:

Proposal-1: The slow DCI is common to all UEs operating the same sTTI length. A slow DCI transmitted in subframe n assigns

· the sTTI band within the same DL subframe n, and
· the sTTI band for one of the following UL subframes n+x, where x is dependent on the sTTI length and the processing time requirements (which are still FFS).

Proposal-2: A slow DCI defines parameters of sPDCCHs transmitted within the same DL subframe, in which it has been transmitted.
Proposal-3: The sTTI band is further split into sub-bands schedulable by the fast DCI.
Proposal-4: Fast-DCIs transmitted in sPDCCH in sTTI m schedule sPDSCHs in sTTI m and sPUSCHs in the sTTI m+y.

Observation-1: Two-level DCI decreases the control overhead by enabling dynamic adaptation (on a subframe bases) of control channel resources as well as reuse of control resources for DL data.

Observation-2: Contrary to user-specific slow DCIs, common slow DCI transmitted within legacy PDCCH regions will not jam/block the legacy PDCCH region, nor increase the control overhead.

Observation-3: The reliability of the two-step DCI can be kept at 1.1% BLER, by targeting a lower BLER of 0.1% for common DCI only.

Proposal-5: Adopt two-level DCI sTTI operation according to section 2, using common slow-DCI and user-specific fast-DCI. 
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