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Introduction
In RAN1#85 initial discussion on UE search space for short TTI (sTTI) operation took place. The following conclusion was made.
· From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH
· Details are for further study, e.g., FFS whether unused resources are on RB or RE level

In RAN1#86, the following was agreed among others.
· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH) .

In RAN1#87 the following was agreed among others.
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH
In RAN1#89 the following agreements were made:
· A CRS based sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· FFS definition of localized mapping
· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.
· One sPDCCH candidate is contained within one RB set
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH
· SFBC is supported for CRS-based sPDCCH
· FFS number of antenna ports
· Single port DMRS-based sPDCCH demodulation is supported
· FFS bundling size
· FFS if two port DMRS-based sPDCCH demodulation is supported
· FFS bundling size
· A sPDCCH RB set can be configured with at least the following information:
· A set of RBs 
· EPDCCH PRB allocation is reused
· Transmission scheme (e.g., CRS-based or DMRS-based)
· FFS: Dependent on subframe type
· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)
· [bookmark: _Hlk488409873]FFS: Localized or distributed sPDCCH candidate to sCCE mapping
· Number of sPDCCH candidates/aggregation levels of the RB set
· FFS: Same or different sPDCCH candidates for different sTTI index
· Number of symbols for sPDCCH duration at least in case of CRS-based transmission
· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission
· FFS: other information (if needed)
· The number of OFDM symbols per RB set for DMRS based sPDCCH for 1-slot sTTI is 2
· The number of OFDM symbols for DMRS based sPDCCH for 2/3-symbol sTTI is
· 2 for 2-symbol sTTI#1,2,3,4
· FFS: 3 for 3-symbol sTTI#1 and #5
· FFS: sTTI#0

In RAN1#90 the following agreements were made:
· #sREGs per sCCE is for CRS based sPDCCH is 4
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space.
· For 1-slot sTTI containing sPDCCH, the following scheduling cases are supported
· CRS-based sPDCCH scheduling CRS-based sPDSCH
· CRS-based sPDCCH scheduling DMRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH
In this contribution, we discuss how sPDCCH can be designed to allow for a flexible control region per sTTI and an efficient multiplexing of sPDCCH with PDSCH and sPDSCH. 
This contribution is revised from R1-1712897.
[bookmark: _Ref178064866]Discussion
To schedule sTTI, a sPDCCH needs to be included in each sTTI. In this contribution, we describe a way to achieve dynamic adaptation of the sPDCCH region, more specifically to efficiently reuse for sPDSCH resources left unused by sPDCCH. 
Multiplexing sPDCCH with sPDSCH/PDSCH
System level evaluation [1] showed how important it is to have a flexible sPDCCH region in sTTI. At low load where the highest benefits of sTTI are expected, only few resources are needed for sPDCCH due to few co-scheduled users and due to high SINR. Assuming a fixed region for sPDCCH often leads to unnecessary high overhead in terms of unused resources. It is thus critical to design sPDCCH so that the amount of occupied resources is adapted to the number of co-scheduled users (in DL and UL) and their required aggregation level. The resources not occupied by the sPDCCH should be used by sPDSCH as also captured in [2]. Some details are given below on how to inform the UE of which sPDCCH resources which are unused such that sPDSCH can be mapped to those. 
Note that this scheme should be used for both 2os TTI and slot TTI. As mentioned previously it is of particular importance for 2os TTI due to the scarcity of resources in such a short TTI. For slot TTI optimizing the control overhead is less crucial since more resources are available for data and sDCI for slot 0 is transmitted in the legacy PDCCH region. However, since a scheme for reusing sPDCCH resources left unused for sPDSCH is needed for 2os TTI, it can be applied as well for slot TTI.

[bookmark: _Toc458603720]Reuse of unused sPDCCH resources for sPDSCH
As pointed out in [3], the RB group (sRBG) size for short TTI may be increased by a factor 2 or 3 compared to the RB group (RBG) size of 1ms TTI operation, in order to limit the number of resource allocation (RA) allocation bits in the sDCI. The UEs searches for sDCI in the configured sPDCCH search space. Each found DL sDCI informs the UE about the sPDSCH frequency allocation that can be based on a bitmap indicating the scheduled sRBGs. In this way, co-existence with legacy allocation type 0 scheduling is ensured.
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Using separate sRBGs for transmitting the sDCI to different sTTI users  does not allow an efficient multiplexing with PDSCH, in particular in case of UL sDCI transmission. Each sRBG used for sDCI blocks, will prevent one (or more if the granularity of RBG is increased for sTTI) legacy RBG for usage by PDSCH of 1ms TTI users. 
[bookmark: _Toc473619667][bookmark: _Toc473620188][bookmark: _Toc473622044][bookmark: _Toc473622097][bookmark: _Toc473625261][bookmark: _Toc473625359][bookmark: _Toc473744689][bookmark: _Toc474155944][bookmark: _Toc477786195][bookmark: _Toc477850478][bookmark: _Toc480880674][bookmark: _Toc480880801][bookmark: _Toc480977795][bookmark: _Toc481096000][bookmark: _Toc481096007][bookmark: _Toc481096052][bookmark: _Toc481096605][bookmark: _Toc481099733][bookmark: _Toc481493905][bookmark: _Toc481494041][bookmark: _Toc481606667][bookmark: _Toc481761118][bookmark: _Toc485909747][bookmark: _Toc490258460][bookmark: _Toc490259589][bookmark: _Toc493840764][bookmark: _Toc493848862][bookmark: _Toc493849878][bookmark: _Toc493854053][bookmark: _Toc493855280][bookmark: _Toc494117392][bookmark: _Toc494290833][bookmark: _Toc494370274]For efficient sPDCCH/PDSCH multiplexing, support location of sDCI for different sTTI users in the same (s)RBG
If sPDCCH resources of only one user can be part of a sRBG, the user knows the resource elements used for its sPDCCH and the remaining resource elements can be used for its sPDSCH. Following proposal 2, if sPDCCH resources of more than one user can be part of a sRBG, each user does not know which resource elements of the sRBG were used for sending sDCI to the other UEs. To make it work, more information needs to be signalled to the UE to indicate which of the REs in a sRBG are used for sPDSCH. 
In order to multiplex sPDSCH and sPDCCH, while letting resources not used by sPDCCH be used by sPDSCH, a restriction may be added so that any resources indicated by the sRBG bitmap are only used if they are not present in the search space configured to the UE for sPDCCH over RRC. This enables the eNB to configure the same sPDCCH RB set containing resources in the same sRBG to different sTTI users for a more efficient sPDCCH/sPDSCH multiplexing and with no ambiguity on the resource elements used for sPDSCH. 
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As a consequence of proposal 3, a DL UE is only scheduled resources within the sPDCCH resources if explicitly told so by an indicator in the sDCI message. The reuse of sPDCCH resources left unused can be done in the logical domain on sCCE level.
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The scheme using the indicator of remaining resources can be applied both for 2/3-os TTI and 1-slot TTI. 
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Alternatives to Proposal 3,  excluding all resources belonging to the set where the sDCI was found, have been suggested as:
· Exclude resources belonging to all configured sets – This would require more bits in the indication of remaining resources, to unclear benefits.
· Exclude only the resource elements belonging to the found sDCI – This would lead to that only one UE could be scheduled per RB set. Excluding only the resource elements containing the sDCI is not comparable to what is done for EPDCCH. EPDCCH is different from sPDCCH since for sPDCCH, we have 1 sREG = 1 PRB in frequency. For EPDCCH, there are 16 EREG per PRB. Each ECCE is 4 EREG so there are 4 ECCE per PRB. So, if a UE finds a DCI on one or more ECCEs, it excludes also the other ECCEs belonging to that PRB, thus enabling coexistence with other UEs. This coexistence needs to be ensured also for sPDCCH.
Indication of unused resources
The locations to search for sPDCCH can be configured over RRC. Each user is configured with (at least) one sPDCCH set of locations to search for sDCI. These configurations can be separate for different UEs, or overlapping for two or more UEs. Since the eNB should have sufficient flexibility to assign the UE’s sPDCCH candidates [4], the used sPDCCH candidates for different UEs may be placed in different positions within the sPDCCH RB set rather than consecutively. It can look as depicted in Figure 1 for a sPDCCH RB set of 8 sCCE. In this example, the sPDCCH RB set is shared between three users: UE1, UE2 and UE3. UE1 gets an AL1 sPDCCH located in sCCE#5 containing a DL assignment, UE2 gets an AL1 sPDCCH located in sCCE#4 containing an UL grant, and UE3 gets an AL1 sPDCCH located in sCCEs#2 containing a DL assignment. 
Figure 1 shows the configured resources in the logical sCCE domain. Then, each sCCE is mapped to a number of sREGs (e.g. 4 sREG/sCCE for CRS-based sPDCCH) at different frequency positions. This is done in different ways depending on e.g. localized and distributed placement, as will be shown further below.
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[bookmark: _Ref490229915]Figure 1 sDCI messages for three UEs within a logical sPDCCH region of eight sCCEs

An indicator of up to three bits is defined to provide enough options to reuse unused sPDCCH resources. The sCCEs of the configured sPDCCH RB set can be organized in 3 groups that can be individually allocated to a sPDSCH UE with a bitmap of 3 bits. The grouping of the sCCEs of a RB set can be done so that the sCCEs that build the sPDCCH candidate where the UE found its sDCI are not considered. This enables to optimize the usage of the few available bits (there is indeed no use of being able to indicate a sCCE/RB that was already used for sending sDCI). 
An example of grouping the 8 sCCE of a sPDCCH RB set for ALs up to AL 4 is illustrated in Figure 2. There, “abc” represents the three bits of the bitfield indicator. Hence, e.g. when an AL1 sPDCCH is located in sCCE0, bit “a” points to the possible reuse of sCCEs {1, 2, 3}, bit “b” points to sCCEs {4, 5} and bit “c” points to sCCEs {6, 7}.
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[bookmark: _Ref490233771]Figure 2 Example of sCCE to 3-bit indicator mapping definition for a sPDCCH PRB set of eight sCCEs and up to AL4.
Example of bandwidth utilization for 1os-CRS, 2os-CRS and 2os-DMRS-based sPDCCH
In Figure 3, a scheduling example is shown for three users in a sTTI of length 2os receiving sDCI as Figure 1, where the DL users get a resource allocation (RA) bitmap and a 3-bit indicator to inform about utilizing unused sCCEs for sPDSCH. 

[image: ]
[bookmark: _Ref490233842]Figure 3 Example scheduling bitmap for one UL user and two DL users. The 3-bit indicator is based on definition described in Figure 2
Based on the scheduling bitmap in Figure 3, Figure 4 depicts the resulting bandwidth utilization, when using a 1-os sPDCCH. The 8 configured sCCE are placed in a distributed way, in the sPDCCH RB set using 32 PRB of one symbol. From the described 3-bit indicator mapping, for UE3 receiving the AL1 sPDCCH in sCCE2, the 3-bit indicator set to “101” refers bit “a” and “c” are set to “1”. This indicates that the unused sCCE0, sCCE1, sCCE3, sCCE6 and sCCE7 resources have been allocated for sPDSCH, as showed in Figure 4. It can be noted that there are no restrictions related to the location of UL sDCI or DL sDCI within the sPDCCH region in order to efficiently utilize unused sCCE resources for sPDSCH.
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[bookmark: _Ref490235232]Figure 4 Example of configured 1-os CRS-based sPDCCH resources and scheduling of sPDSCH for three users in a sTTI of length 2os, where each of the 8 sCCE consists of four sREG. 3-bit indicator is included in DL sDCI to indicate utilizing unused sCCEs for sPDSCH. Top shows lower 24 PRB, bottom shows higher 26 PRB.

Figure 5 depicts the resulting bandwidth utilization, when using a 2-os sPDCCH. The 8 configured sCCE are also here placed in a distributed way in the sPDCCH RB set using 16 PRB of two symbols. The three UEs get the same mapping bitmaps as the previous example. Compared to the 1-os sPDCCH, the 2-os sPDCCH naturally leaves more empty regions in the frequency band.
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[bookmark: _Ref493846337]Figure 5 Example of configured 2-os CRS-based sPDCCH resources and scheduling of sPDSCH for three users in a sTTI of length 2os, where each of the 8 sCCE consists of four sREG. 3-bit indicator is included in DL sDCI to indicate utilizing unused sCCEs for sPDSCH. Top shows lower 24 PRB, bottom shows higher 26 PRB.
Finally, Figure 6 shows resulting bandwidth utilization, with the same settings when using a 2-os DMRS-based sPDCCH, also here with distributed placement and assuming 4 sREG/sCCE. The three UEs get the same mapping bitmaps as the previous examples. With the time-first mapping of the sREG and always handling PRB pairs in frequency, each sCCE is concentrated to a single time/frequency region.
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[bookmark: _Ref493847665]Figure 6 Example of configured 2-os DMRS-based sPDCCH resources and scheduling of sPDSCH for three users in a sTTI of length 2os, where each of the 8 sCCE consists of four sREG. 3-bit indicator is included in DL sDCI to indicate utilizing unused sCCEs for sPDSCH. Top shows lower 24 PRB, bottom shows higher 26 PRB.
Coexistence of sPDCCH for 2-symbol and 1-slot sTTI
A question is whether an UE configured for 2-symbol sTTI should be configured the same sPDCCH resources as a 1-slot sTTI UE. Applying the scheme above with an indicator that remaining configured sPDCCH resources can be used for sPDSCH, a slot-sTTI UE is not aware of any 2-symbol TTI UEs in the same sPDCCH region, and cannot adapt its sPDSCH resource allocation depending on smaller timescales than the slot-length TTI. This case was analysed and illustrated in our previous contribution [5]. If slot-length UEs get the indication to use remaining resources, it enables to exploit sPDCCH resources left unused by UEs receiving sDCI for 2-symbols sPUSCH. However, 2-symbols UEs receiving DL assignment cannot reuse these resources for data during an entire slot. This restriction is known by the eNB in the scheduling. It is up to the eNB to let the most suitable UEs reuse the resources left unused by sPDCCH.
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[bookmark: _Toc481606652][bookmark: _Toc481606674][bookmark: _Toc481606709][bookmark: _Toc481606813][bookmark: _Toc481761116][bookmark: _Toc485909745][bookmark: _Toc490258458][bookmark: _Toc490259582][bookmark: _Toc493840758][bookmark: _Toc493848856][bookmark: _Toc493849876][bookmark: _Toc493854065][bookmark: _Toc493855278][bookmark: _Toc494117388][bookmark: _Toc494290842][bookmark: _Toc494370269]Letting 2-symbol UEs and slot-sTTI UEs share the same sPDCCH may lead to some scheduling restrictions when reusing unused sPDCCH resources for data, but the eNB is aware of this and can choose accordingly between same or separate sPDCCH resources.
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Relevant demodulation combinations for sPDCCH and sPDSCH
It was decided to support CRS-based sPDCCH scheduling CRS-based or DMRS-based sPDSCH, and DMRS-based sPDCCH scheduling DMRS-based sPDSCH.
In case of DMRS based sPDCCH and sPDSCH, FDM between 2os sPDCCH and 2os sPDSCH is preferable to enable independent precoding for sPDCCH and sPDSCH. In case of slot TTI, separate DMRS pairs for control and data can be achieved in the same PRB. 
To avoid the DMRS overhead and in case no particular beamforming scheme is wanted for sPDCCH, the combination CRS sPDCCH and DMRS sPDSCH is attractive. In case of 2os TTI, it is preferable not to allow TDM between CRS-based sPDCCH and DMRS-based sPDSCH in 2/3os sTTI. Otherwise, the UE has to do rate matching around the DMRS positions of sPDSCH to detect its sDCI. To achieve the same BLER, a larger AL or more sREG/sCCE are needed to compensate for the larger RS overhead. In case of a 3os long sTTI, it is possible to have 1os CRS based sPDCCH and 2os DMRS based sPDSCH in the same PRB assuming the DMRS of sPDSCH are located in the two last symbols of the 3os long sTTI.
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Conclusion
In section 2 we made the following observations:
Observation 1	Letting both 2-symbol UEs and slot-sTTI UEs share the same sPDCCH resources improves frequency resource utilization.
Observation 2	Letting 2-symbol UEs and slot-sTTI UEs share the same sPDCCH may lead to some scheduling restrictions when reusing unused sPDCCH resources for data, but the eNB is aware of this and can choose accordingly between same or separate sPDCCH resources.

Based on the discussion in section 2 we propose the following:
Proposal 1	Define a sRBG that can be used for sTTI scheduling, containing a multiple of RBG used for 1ms TTI operation.
Proposal 2	For efficient sPDCCH/PDSCH multiplexing, support location of sDCI for different sTTI users in the same (s)RBG
Proposal 3	For efficient sPDCCH/sPDSCH multiplexing among multiple sTTI users, the resources used for sPDSCH are the ones indicated by the RA allocation field of sDCI excluding the resources belonging to the configured sPDCCH RB-set containing the sDCI 
Proposal 4	The DL sDCI contains an indicator of which remaining sPDCCH resources are used for sPDSCH
Proposal 5	Use the same resource reuse scheme both for 2/3-os TTI and 1-slot TTI
Proposal 6	An indicator with up to three bits is included in DL sDCI to efficiently utilize unused sPDCCH resources for sPDSCH
Proposal 7	The bits in the indicator are each mapped to one group of sCCEs, where the sCCEs that build the sPDCCH candidate where the UE found its sDCI are excluded from the grouping
Proposal 8	Both 2-symbol sTTI and 7-symbol sTTI UEs can share the same configured sPDCCH resources.
Proposal 9	FDM is supported in a PRB between sPDCCH and a DMRS based 2os sPDSCH. For 3os long sTTI, it is possible to have 1os CRS based sPDCCH and 2os DMRS based sPDSCH in the same PRB
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