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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#89 the following agreements were made:
· 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
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.
In RAN1#90bis the following agreements were made:
· The sRBG size for resource allocation type 0 is defined as per below table for both 2/3os and 7os sTTI using an sPRG size of 2:
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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 R1-1717164 .
[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. 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 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.
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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. Since a sRBG covers several RBGs, each sRBG used for sDCI prevents several legacy RBGs to be scheduled for PDSCH of 1ms TTI users. 
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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 signaled to the UE to indicate which of the REs in a sRBG are used for sPDSCH. 
From the email discussion [6] follows different modes the UE potentially can operate in, configured per RB-set:
· Mode 1: UE rate-matches only around the sDCI scheduling the sPDSCH (if transmitted in the sPDCCH RB-set) 
· Mode 2: UE rate-matches around the whole sPDCCH RB set 
· Mode 3: UE rate-matches around the whole sPDCCH RB set if sDCI scheduling the sPDSCH is found in the RB-set
· Mode 4: UE rate-matches around the whole sPDCCH RB set if sDCI scheduling the sPDSCH is not found in the RB-set
These modes can, when accompanied with a reuse indication as being discussed in Section 2.1.2, efficiently specify what sPDCCH resources to reuse, but the resulting performance and the amount of signaling needed will differ.
For Mode 4 we see no strong motivation, as it would need a complicated signaling that removes resources from the RB set where the sDCI was found, in addition to adding resources in the other RB set.
For Mode 1, which rate-matches only around a small sDCI, the reuse indicator will specify further sPDCCH resources to rate-match around, i.e. remove. For Mode 2 and Mode 3, rate-matching around a full RB set to start with, the reuse indicator will, on the contrary, specify further sPDCCH resources to map the sPDSCH into, i.e. add. The effect of this difference will be visible in the following section.
Co-existence with legacy PDSCH
Comparing Mode 1 and Mode 2/3 above, the difference is that Mode 1, using rate-matching around only the sDCI, and having a reuse indication of additional resources to remove, can only put sPDSCH resources in regions where the UE has received allocation using the RA type 0 bitmap. Mode 2 and 3, however, will allow for reusing sPDCCH RB set resources for data even outside the range where the RA type 0 bitmap has indicated allocated sRBG, as the reuse indicator defines resource to add.
The benefits of being able to reuse resources outside the range indicated by the resource allocation bitmap will be evident when evaluating co-existence with legacy PDSCH. See Figure 1 below, which shows a part of a 20MHz carrier. Here, the sRBG size is 12 PRB, while a RBG is 4 PRBs. 
In the figure, “0”-“7” denotes sCCE index 0-7 in the sPDCCH RB set. One UE here gets a DL assignment in sCCE0 (the red colored box). If a legacy PDSCH is scheduled on RBG 7-8 (PRB 28-35), Mode 1 with an indication of further rate-matched resources will not make it possible to reuse any of the sCCE indices 1-7, since sRBG 2 cannot be allocated to sPDSCH due to the presence of PDSCH in some of the RBGs within sRBG 2. Using Mode 1, a PDSCH UE can block a sRBG when scheduled in one of the RBGs within that sRBG.
With Mode 2 or 3 combined with an indication on “sPDSCH is mapped into or not”, i.e., a reuse scheme where the basic operation mode is to rate-match around the full RB set, and further indication specifying additional resources to use, the UE getting the sDCI in sCCE 0 can be told to also use sCCE 1-7 for sPDSCH.
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[bookmark: _Ref498354125]Figure 1. Coexistence with PDSCH will be more efficient when being able to map sPDSCH resources outside sRBG indicated by RA type 0 bitfield.
Rate-matching around one or two RB sets
Since we saw above that it is beneficial to first rate-match around a larger resource, and then map sPDSCH into unused resources, it can be considered how to handle the two different RB sets.
In order to indicate what resources to reuse, the unused resources where to map sPDSCH need to be signalled for all RB sets that have been rate-matched. If only rate-matching around the RB set carrying the scheduling sDCI, the amount of additional L1 information can be limited, being only required for one of the sets.
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As pointed out in the summary of the email discussion [6], there might be situations where the two RB sets are overlapping, and the UE needs to distinguish where the sDCI belongs, to rate-match around the correct RB set. A way of solving this is to use different RNTI for the two RB sets. E.g., the UE can use its UE-specific RNTI for the first set, and for the second set use the RNTI where all bits are inverted. This will make sure that the UE can rate-match around the correct RB set, without added complexity. The increased false detection probability of having two RNTIs is negligible, since already for PDCCH, more than one RNTI are being used.
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Choosing Mode 3 as an operating mode, 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 locations to search for sPDCCH are 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 2 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 2 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 2 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 3. 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 3 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 4, a scheduling example is shown for three users in a sTTI of length 2os receiving sDCI as Figure 2, where the DL users get a resource allocation (RA) bitmap and a 3-bit indicator to inform about utilizing unused sCCEs for sPDSCH. 
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[bookmark: _Ref490233842]Figure 4 Example scheduling bitmap for one UL user and two DL users. The 3-bit indicator is based on definition described in Figure 3
Based on the scheduling bitmap in Figure 4, Figure 5 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 5. 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 5 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 6 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.

[image: ]
[bookmark: _Ref493846337]Figure 6 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 7 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 7 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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In section 2 we made the following observations:
Observation 1	A scheme rate-matching around a full RB set (Mode 2 or 3), along with indication of what additional resources to map the sPDSCH into, will achieve better coexistence with legacy PDSCH than only rate-matching around scheduling sDCI (Mode 1).
Observation 2	Mode 3 is preferred compared to Mode 2, as the amount of additional L1 information will be limited when only ratematching around the RB set carrying the scheduling sDCI.
Observation 3	Letting both 2-symbol UEs and slot-sTTI UEs share the same sPDCCH resources improves frequency resource utilization.
Observation 4	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	Use the same resource reuse scheme both for 2/3-os TTI and 1-slot TTI
Proposal 2	For efficient sPDCCH/PDSCH multiplexing, support location of sDCI for different sTTI users in the same (s)RBG
Proposal 3	Mode 3, where the UE rate-matches around the whole sPDCCH RB set if sDCI scheduling the sPDSCH is found in the RB-set, is selected as operating mode, accompanied with a L1 reuse indication.
Proposal 4	The UE has different RNTIs for the two sPDCCH RB sets, in order to be able to rate-match around the correct set.
Proposal 5	The DL sDCI contains an indicator of which remaining sPDCCH sCCE are used for sPDSCH
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 reuse 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.
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