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1. Introduction
In the RAN1 meeting #86b, companies agreed on the following alternatives of sTTI DL control operation

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
The main difference between the single-level and two-level DCI is that with single-level DCI the sPDCCH control resources and/or search-space are RRC configured while such information can be at least partly carried in slow DCI (sDCI2) if two-level DCI is used. The difference in two-level DCI variants 1/2 and 3 is the slow-DCI being either common or user-specific, and the difference between two-level DCI variants 2 and 3 is the transmission of the user-specific slow DCI being possible only on PDCCH or on PDCCH & sPDCCH.  
In email discussion [87-24] on sTTI scheduling, companies expressed their views on how the sTTI is scheduled. While solutions of two-stage DCIs are still diverse between companies, the majority agrees that single-stage scheduling should be a baseline. In this contribution we present our view on how two-stage DCI could operate together with single-stage DCI to improve the sTTI operation overall.
2. Single-stage scheduling   

A two-stage DCI scheduling is naturally less suitable for the dynamic scheduling of high-reliability traffic. In order to achieve same reliability with two-stage DCI as with single-stage, sDCI1 or sDCI2 or both of them need to be made more reliable than a single-stage DCI. (Here sDCI1 and sDCI2 are the fast and slow DCI, respectively). If sDCI1 probability of error pe,1 and sDCI2 probability of error pe,2 are independent, then the combined probability of error is 

[image: image2.png]Pe =1—(1—p1)(1—De2)



.

Table 1 shows the combined probability for a few examples of pe,1 and pe,2 . It can be observed that in order to achieve error probability close to 10-2 of a single-stage DCI, either of pe,1 and pe,2 has to be made at least 10x more reliable, or both need to be twice as reliable to fully meet the reliability target. This results in overhead increase. Therefore, we believe that single-stage scheduling should be supported as a baseline and two-stage DCI could be supported for traffic whose main KPI is not reliability.    
Proposal-1: Support single-stage DCI scheduling for sPDSCH and sPUSCH. 

Table 1 Combined error probability for two-stage DCI

	sDCI1 probability of error pe,1
	sDCI2 probability of error pe,2
	Combined probability of error pe

	1.00E-05
	1.00E-05
	2.00E-05

	1.00E-05
	1.00E-06
	1.10E-05

	1.00E-06
	1.00E-05
	1.10E-05

	5.00E-06
	5.00E-06
	1.00E-05


The fast DL control region (i.e. sPDCCH) transmitted in each sTTI, contains sTTI length specific and user-specific sDCI1s that schedule sPDSCH in the same sTTI and sPUSCH in sTTI according to an agreed HARQ-ACK timing. The parameters of the user-specific sPDCCH are higher-layer configured as discussed in accompanying contribution [1]. 

Proposal-2: sDCI1 transmitted in sTTI m schedules the sPDSCH in sTTI m or the sPUSCH in sTTI m+n, where the value of n is FFS.

According to previous agreements, the legacy PDCCH control region may also carry sDCI1s scheduling sPDSCH and sPUSCH. 
In the previous RAN1 meeting, it was left FFS whether sTTI#0 for 2OS contains sPDCCH when CFI=1. We think that sPDCCH is more spectral efficient than PDCCH, and therefore we suggest that eNB should be given a possibility to configure sPDCCH in sTTI#0 for 2OS when CFI=1. For the same reason, we propose that also slot-based sTTI could be scheduled from sPDCCH in sTTI#0 when CFI=1. With other CFI values, the slot-based sTTI#0 is always scheduled from PDCCH.   
Proposal-3: For CFI=1, the eNB higher-layer configures for 2OS/7OS sTTI operation of a UE if the sPDCCH region is present (and used for sTTI scheduling) in the sTTI#0. 
Proposal-4: For 7OS sTTI, if CFI=2 or 3, there is no sPDCCH region present in sTTI#0 and the PDCCH region is used to transmit sDCI1s in sTTI#0. 
Based on above proposals, Table 2 shows where UL grants and DL assignments are transmitted in sTTI#0.

Table 2 UL grants and DL assignments transmitted in sTTI#0
	
	sPDCCH
	PDCCH

	CFI=1 + sPDCCH configured
	2OS UL and DL

7OS UL and DL
	-

	CFI=1 + sPDCCH not configured
	-
	2OS UL and DL
7OS UL and DL

	CFI=2 or 3
	-
	7OS UL and DL

2OS UL only


While single-stage DCI should be a baseline, it is not the best solution for traffic where reliability is not the main KPI. In accompanying contribution [2], we propose to increase the resource allocation granularity for sPDSCH scheduling, which may significantly reduce the sDCI payload. On the other hand, the unequal resource allocation granularity of PDSCH and sPDSCH results in PDSCH and sPDSCH resource allocation collisions. With single-stage DCI, the collisions can be avoided only by sPDSCH/PDSCH multiplexing restrictions that would greatly reduce the efficiency. 
Observation-1: Increased resource allocation granularity of sPDSCH compared to PDSCH may result in sPDSCH and PDSCH resource allocation collisions.

These sPDSCH and PDSCH resource allocation collisions could be avoided if sTTI UE would be informed by sDCI2 about the PDSCH allocation within the DL subframe. In addition, the sDCI2 could enable dynamic adjustment to overall sPDCCH resource: (a) enabling reduction of blind decodings UE needs to perform and (b) enabling dynamic deactivation of sTTI operation in a subframe to reduce the UE power consumption, as well as, (c) allowing for simplified signaling of vacant control resources. Therefore, we think that sDCI2 could be further considered, and in the next section we provide more details on the design of sDCI2 that can achieve the benefits discussed in this paragraph. 
3. Two-stage scheduling   

As already briefly mentioned in previous section, the sDCI2 could provide benefits to sTTI operation by enabling: 
· More efficient multiplexing of sPDSCH and PDSCH by efficient handling of collisions between PDSCH and sPDSCH. 
· Downlink control overhead savings by dynamic adjustments to overall sPDCCH search space.
· Enabling UE power saving by reducing unnecessary DL control blind decoding.
Efficient handling of sPDSCH and PDSCH collisions
Figure 1 shows an example, where we assume an increased resource allocation granularity for 2OS sTTI of 12 PRBs, i.e. 4 subbands (SB#1 to SB#4) can be independently scheduled for 2OS sPDSCH. In this example, we assume that 3PRBs in SB#1 have been scheduled to PDSCH (using legacy 3PRB granularity) and afterwards the eNB schedules by sDCI1 in sTTI-2 a 2OS sPDSCH (using increased 12PRB granularity) in subbands SB#1 and SB#2. Because of high 2OS sPDSCH scheduling granularity of 2OS sPDSCH, the scheduler cannot avoid collision with PDSCH in SB#1. 
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Figure 1 An example of two-level control operation assuming Alternative 2-1 in DL and Alternative 2 in UL
There are two options for handling the collision: 

· Option1-puncturing: sPDSCH is puncturing PDSCH if sPDSCH traffic is of low-latency and high-reliability. In this case the UE should follow the content in sDCI1, i.e. ignore the content of sDCI2. The PDSCH is obviously hurt.
· Option2-puncturing: PDSCH is puncturing sPDSCH if traffic is of low-latency and not reliability critical, such as MBB traffic. The multiplexing (handling of collisions) could be improved, if sDCI2 would inform sTTI UE about the PDSCH allocation within the subframe, the collision could be solved without significant impact on PDSCH and sPDSCH. 
Therefore, we propose that a sTTI UE, higher-layer configured to follow sDCI2, receives a dynamic indication in sDCI1. This indication determines whether the sTTI UE shall take sDCI2 content on the legacy PDSCH allocation into account when receiving a sPDSCH, i.e. whether eNB transmits the sPDSCH according to Option1-puncturing or Option 2-puncturing. 
Proposal-5: An sTTI UE, higher-layer configured to follow sDCI2, receives a dynamic indication in sDCI1. This indication determines if the UE shall take the PDSCH resource allocation in sDCI2 into account when receiving sPDSCH. 

Let us now assume that eNB has higher-layer configured a UE, receiving sPDSCH, to follow sDCI2 content, including the information about legacy PDSCH, and sDCI1 tells the UE to take sDCI2 content into account (i.e. PDSCH is puncturing sPDSCH). The eNB has two different ways how to select the TBS for the punctured sPDSCH. 

· Option1-TBS: eNB rate-matches the sPDSCH TBS around RBs belonging to PDSCH.

· Option2-TBS: eNB selects the sPDSCH TBS based on resoure alloction indicated in sDCI1.  
In case the sDCI2 is received by a UE, both options achieve the similar performance. In case the Option2-TBS is used, the UE may null the bits corresponding to punctured REs. On the other hand, in case the sDCI2 is missed or not transmitted for some reason, Option1-TBS results in decoding failure while Option2-TBS may still be decoded with non-zero probability. Therefore, we propose that an eNB selects TBS always based on resource allocation indicated in sDCI1.

Observation-2: If a sPDSCH TBS is selected based on resource allocation indicated in sDCI1, i.e. independently of sDCI2, UE may succeed in decoding sPDSCH even when missing sDCI2.

Proposal-6: The TBS is determined always based on resource allocation indicated in sDCI1, i.e. independently of any sDCI2 signaling.
Adjustment to overall sPDCCH search space

In [1] we propose that a UE is configured with one or multiple sPDCCH resource sets containing its sPDCCH search space, and we also propose that a UE is also informed (by RRC configuration signaling) about other sPDCCH resource sets which are present in the subframe but are not part of the UE’s search-space. A sPDCCH resource set can be 1-2 OS long for 2OS sTTI and 1-3OS long for slot-based sTTI, as discussed in [1].

As a consequence of the above configuration, each sTTI UE knows about overall sPDCCH resources within a DL subframe. Therefore, an eNB may assign for each sPDCCH resource set an individual ID. Building on this pre-requisite, a sDCI2 could contain a bitmap addressing the individual IDs of the overall sPDCCH resources. This has three-fold benefit. Firstly, shutting off a part of UE’s search-space may result in reduction in blind decodes UE has to perform. Secondly, shutting off the complete UE’s search-space results in full sTTI deactivation of the UE within the subframe. Thirdly, signaling of unused control resources to be used for sPDSCH becomes more efficient. It should be noted that Proposal-6 is meant to apply also for DL control resource adjustment in sDCI2: TBS is independent of such adjustment, which reduces the dependency of sDCI1 on sDCI2 and the DL control resource reuse for sPDSCH overall. 

Observation-3: An eNB may disable the higher-layer preconfigured sPDCCH resource sets using a bitmap in sDCI2 within the DL subframe. 
Summary
To summarize the above discussion, the operation of two-stage DCI according to our view is shown in Figure 1. A sDCI2, common to all users operating in two-stage scheduling mode and transmitted on demand in CSS of each component-carrier indicates at least: 

· Frequency resources (i.e. PRBs) excluded from sTTI use within the DL subframe (e.g. PDSCH resource allocation) and 
· adjustments to overall higher-layer configured search space. 
The sDCI2 is transmission mode (TM) agnostic and is to be monitored by all sTTI UEs configured in two-stage scheduling mode. Unlike user-specific sDCI2, a single transmitted sDCI2 in a component-carrier does not increase the overhead, because CSS is anyway present at every component carrier.  The exemplary contents of sDCI2 is shown in Appendix A.
Proposal-7: A single sDCI2 transmitted on demand in CSS of each component carrier is common to all UEs that are configured in two-stage scheduling mode. 

Proposal-8: The sDCI2 contains at least information about frequency resource excluded from sTTI use (e.g. PDSCH resource allocation) within the DL subframe, where sDCI2 is transmitted, and adjustment to overall sPDCCH search-space within the same DL subframe.

4. Summary
Based on the discussion in above, we have the following observations and proposals:
Proposal-1: Support single-stage DCI scheduling for sPDSCH and sPUSCH. 

Proposal-2: sDCI1 transmitted in sTTI m schedules the sPDSCH in sTTI m or the sPUSCH in sTTI m+n, where the value of n is FFS.
Proposal-3: For CFI=1, the eNB higher-layer configures for 2OS/7OS sTTI operation of a UE if the sPDCCH region is present (and used for sTTI scheduling) in the sTTI#0. 

Proposal-4: For 7OS sTTI, if CFI=2 or 3, there is no sPDCCH region present in sTTI#0 and the PDCCH region is used to transmit sDCI1s in sTTI#0. 
Observation-1: Increased resource allocation granularity of sPDSCH compared to PDSCH may result in sPDSCH and PDSCH resource allocation collisions.

Proposal-5: An sTTI UE, higher-layer configured to follow sDCI2, receives a dynamic indication in sDCI1. This indication determines if the UE shall take the PDSCH resource allocation in sDCI2 into account when receiving sPDSCH. 

Observation-2: If a sPDSCH TBS is selected based on resource allocation indicated in sDCI1, i.e. independently of sDCI2, UE may succeed in decoding sPDSCH even when missing sDCI2.

Proposal-6: The TBS is determined always based on resource allocation indicated in sDCI1, i.e. independently of any sDCI2 signaling.
Observation-3: An eNB may disable the higher-layer preconfigured sPDCCH resource sets using a bitmap in sDCI2 within the DL subframe. 
Proposal-7: A single sDCI2 transmitted on demand in CSS of each component carrier is common to all UEs that are configured in two-stage scheduling mode. 

Proposal-8: The sDCI2 contains at least information about frequency resource excluded from sTTI use (e.g. PDSCH resource allocation) within the DL subframe, where sDCI2 is transmitted, and adjustment to overall sPDCCH search-space within the same DL subframe.
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A. Appendix - Content of sDCI1 and sDCI2  

Here we discuss the information elements the sDCI1 and sDCI2 could carry including some exemplary number of bits. The required baseline content is a direct consequence of the envisioned two-stage DCI operation described in the Section 3.

Table 3 shows the exemplary content of the sDCI2. The content of the DCI may be up to 60bits. The number of required bits for “sPDCCH PRB set activation/deactivation bitmap” is for further study, but 16bits could be sufficient. 

Table 3 Exemplary sDCI2 content

	Field name
	Details
	Tentative number of bits

	Resource allocation of resources excluded from sTTI use

	TYPE 0 using legacy RBG granularity could be used.


	up to 25 bits (BW dependent)

	sPDCCH PRBset activation/deactivation bitmap
	A bitmap containing single bit indication per each configured sPDCCH PRBset within the subframe. Bit indicates whether sPDCCH PRB set is active or not
	<16bits

	CRC+RNTI
	Error detection
	16


Table 4 describes an example of the sTTI length specific sDCI1 content for sPDSCH assignments. The majority of required bits for the sDCI1 are related to MCS & HARQ operation. The newly added sDCI1 parameters are (i) compact resource allocation with coarse allocation granularity, and (ii) the information about which control resources within the sTTI contain data/control symbols. In Table 3, the main differences of the sDCI1 and the legacy DCI scheduling PDSCH 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 4 Exemplary sDCI1 DL assignment content

	Field name
	Details
	Tentative number of bits

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


	MCS (SU-MIMO)
	2 x 5 bits

	
	HARQ process for DL 
	4 bits

	
	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: image5.png]


 bits

	Compact RA coarse granuilarity
	For example, doubling the RBG results in reduction of the Type 0 RA bitmap size to about half. 
	FFS

	Information about unused control resources



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

	sDCI2 follow bit
	If bit is ON, the UE shall take the information in the sDCI2 into accounts, otherwise it should ignore the content of sDCI2
	1bit

	CRC+RNTI
	Error detection
	[image: image6.png]16






Table 5 describes an example of the sTTI length specific fast DCI content for UL grants. The newly added fast DCI parameters are related to UL asynchronous HARQ and DMRS position indication, both marked in green. 
Table 5 Exemplary sDCI1 PUSCH grant content

	Field name
	Details
	Tentative number of bits

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


	MCS (TM2)
	2 x 5 bits

	
	NDI (TM2)
	2 x 1 bits

	
	TPMI (TM2 only)
	3/6 bits

	
	Cyclic shift
	3 bits

	
	TPC
	2 bits

	
	CSI request
	1-3 bits

	
	UL index / DAI
	2bits

	UL Asynchronous HARQ 
related parameters
(same as for n+3 1ms TTI timing)
	HARQ process
	4bit

	
	RV
	2bit

	Legacy Compact start-stop RA Type 0 (single cluster) or Type 1 (double cluster)
	Type 0 (single cluster) or Type 1 (double cluster), restriction of minimum allowed number of PRBs can be imposed.
	up to 14bit (depends on BW)

	DMRS position indication
	Indicates the DMRS position used for demodulation of sPUSCH
	2-3bits

	CRC+RNTI
	Error detection
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