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Introduction
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 related to search space were made:
· The sDCI for sTTI#0 is accommodated in:
· 1-slot: in the legacy PDCCH region
· 2/3os: in the legacy PDCCH region
· In sTTI operation, there is no restriction for RB sets to be fully non-overlapping by specification.
· CRS-based sPDCCH is only applied to non-MBSFN subframe.
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space.
· A UE can be configured to monitor an sPDCCH RB set p with M_p^((L))sPDCCH candidate(s) for sPDCCH search space at aggregation level L within an sTTI, where p∈{0,1} and M_p^((L))∈{0,1,…,M_total}. M_total is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. 
· FFS: The value of M_total.
· FFS: The total number of RB sets configurable to a UE
· The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels L for sPDCCH search space.
· The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os sTTI is 6.
· The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 1-slot is 12.
· Support different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index. 
· FFS configured per sub-set of the sTTI in a subframe, over different subframe types, or different RS overhead, details on configuration.
· Whether the UE-specific search spaces for different UEs overlap is up to configuration.
· For sDCI monitoring in legacy PDCCH, the hashing function for PDCCH is used by using M_sDCI^(L) instead of M_L. Value of M_sDCI^(L) is FFS.
· The number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signalling, independent on the number of M_L at aggregation level L for monitoring DCI.

This contribution is revised from R1-1712896.
[bookmark: _Ref178064866]Discussion
To schedule sTTI, an sPDCCH needs to be transmitted in each sTTI. In this contribution, we discuss considerations on sTTI UE search space which still need to be addressed. 
[bookmark: _Toc458603720]sPDCCH Candidates and Blind Decodes
It was agreed in RAN1#90 that a UE can be configured to monitor an sPDCCH RB set p with  sPDCCH candidate(s) for sPDCCH search space at aggregation level L within an sTTI, where p∈{0,1} and ∈{0,1,…,}.  is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. Here, it was left as FFS the value of . Since it was also agreed that the maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os and 1-slot sTTI is 6 and 12, respectively,  cannot exceed the maximum number of blind decodes supported by a sTTI UE in a given sTTI. Therefore,  is equal to 6 and 12 for 2/3os and 1-slot sTTI, respectively.

M_total is equal to 6 and 12 for 2/3os and 1-slot sTTI, respectively

To exploit efficiently the available number of blind decodes, it appears essential to let the eNB distribute the sPDCCH candidates over the configured AL as most suitable for a UE considering channel and load situation. Thereby, sum() over all configured AL L and all configured sPDCCH RB set to be monitored by a UE per sTTI is equal to . 
[bookmark: _Hlk494121374]The eNB configures M_p^L such as the sum(M_p^L) over all configured AL L and all configured sPDCCH RB set to be monitored by a UE per sTTI is equal to M_total.

Likewise, the total number of RB sets configurable to a UE was left FFS. For that, a UE should be configured only with what it needs to monitor per sTTI. Thus, UE’s complexity may not be increased.
[bookmark: _Hlk494121407]A UE is configured only with the sPDCCH RB sets that it needs to monitor per sTTI

As described in [1], a fixed number of sREG/sCCE per sCCE has been agreed for CRS-based sPDCCH and it is expected for DMRS-based sPDCCH as well. Therefore, for the case of 2/3os sTTI UEs, it should be considered to make the number of sPDCCH candidates per AL to be monitored by a UE vary according to the sTTI index. For instance, in sTTI with large RS overhead, more sPDCCH candidates of high AL and fewer sPDCCH candidates of low AL are needed compared to sTTI with low RS overhead. This configuration should then be up to eNB. Thus, it is up to the eNB to guarantee that the total number of candidates to be monitored by a UE is not higher than the maximum allowable blind decodes per sTTI. For that, the eNB could signal to a UE several configurations for each configured sPDCCH RB set indicating the number of candidates to monitor per AL. Each configuration is related to a set of sTTIs. Considering the variation of RS overhead over the sTTIs, it appears sufficient to allow up to 2 configurations of number of candidates per AL.
For example, considering that one sPDCCH RB set is configured to a UE, the two configurations could be as follows:
-	Configuration 1:
Nr of candidates per AL {AL1 AL2 AL4 AL8} = {2 2 1 1}
sTTI index {sTTI1 sTTI2 sTTI3 sTTI4 sTTI5} = {1 0 1 0 1}
-	Configuration 2:
Nr of candidates per AL {AL1 AL2 AL4 AL8} = {3 2 1 0}
sTTI index {sTTI1 sTTI2 sTTI3 sTTI4 sTTI5} = {0 1 0 1 0}

[bookmark: _Toc490240924][bookmark: _Hlk494121429]For 2/3os sTTI UEs, a UE is configured over RRC with up to two configurations per sPDCCH RB set indicating the number of sPDCCH candidates to monitor per aggregation level. Each configuration is related to a set of sTTIs.

Limiting blind decodes on PDCCH
It was agreed in RAN1#90 that PDCCH is used to transmit sDCI for sTTI0 for both 2/3os and 1-slot sTTI. Furthermore, as described above, it was also agreed that the maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os and 1-slot sTTI is 6 and 12, respectively. Consequently, the total number of blind decodes in PDCCH is increased. A way to limit the number of blind decodes may be to target a common format for short TTI and 1 ms TTI. Another way is to define a search space for sDCI sent on PDCCH as a subset set of the seach space for 1ms TTI DCI.
[bookmark: _Toc473120555][bookmark: _Toc473120934][bookmark: _Toc473121076][bookmark: _Toc473619663][bookmark: _Toc473620184][bookmark: _Toc473622094][bookmark: _Toc473625258][bookmark: _Toc473744686][bookmark: _Toc474155941][bookmark: _Toc477786192][bookmark: _Toc477786211][bookmark: _Toc477850475][bookmark: _Toc478146102][bookmark: _Toc480880671][bookmark: _Toc480880798][bookmark: _Toc481097122][bookmark: _Toc481494327][bookmark: _Toc481759620][bookmark: _Toc481760280][bookmark: _Toc481760745][bookmark: _Toc481760818][bookmark: _Toc485912944][bookmark: _Toc490240915][bookmark: _Hlk494121507]Having the same format for short TTI and 1ms TTI in PDCCH USS will limit number of blind decodes in PDCCH
[bookmark: _Toc481760281][bookmark: _Toc481760746][bookmark: _Toc481760819][bookmark: _Toc485912945][bookmark: _Toc490240916]The search space of sDCI in PDCCH can be a subset of the search space for 1ms TTI DCI
Limiting blind decodes on sPDCCH
Uplink grants and downlink assignments in the DCI may in principle have slightly different fields. While uplink grants and downlink allocations might have different number of bits needed in the DCIs, these formats will be blindly decoded on the same sCCEs. In order to limit blind decodes, the design of DCI formats should aim for the same size for all grants and a bit field indicating if the DCI is an uplink grant or downlink assignment. This approach is similar to the flag for format 0 / format 1A differentiation in legacy LTE. Here padding bits can be used in addition to indicating bits, in case the number of required bits are different for uplink grants and downlink assignments.

[bookmark: _Toc462822790][bookmark: _Toc465436889][bookmark: _Toc473119454][bookmark: _Toc473120556][bookmark: _Toc473120935][bookmark: _Toc473121077][bookmark: _Toc473619664][bookmark: _Toc473620185][bookmark: _Toc473622095][bookmark: _Toc473625259][bookmark: _Toc473744687][bookmark: _Toc474155942][bookmark: _Toc477786193][bookmark: _Toc477786212][bookmark: _Toc477850476][bookmark: _Toc478146103][bookmark: _Toc480880672][bookmark: _Toc480880799][bookmark: _Toc481097123][bookmark: _Toc481494328][bookmark: _Toc481759621][bookmark: _Toc481760282][bookmark: _Toc481760747][bookmark: _Toc481760820][bookmark: _Toc485912946][bookmark: _Toc490240917][bookmark: _Hlk489608542]A single size is defined for both DL and UL sDCI
sPDCCH candidate to sCCE mapping
As discussed in our companion paper about sPDCCH design [1], an sPDCCH RB set consists in multiple sCCEs, which are numbered from 0 to , where  is the number of sCCEs in the sPDCCH RB set. One of the characteristics of the sPDCCH RB set should be supporting frequency selective scheduling. This becomes especially important when a set is based on a localized sCCE to sREG mapping configuration. The eNB has then the possibility to select the sPDCCH candidate that is mapped on the RBs with the most favourable channel conditions.
[bookmark: _Hlk494114375]An sPDCCH RB set supporting frequency selective scheduling becomes especially important for a set based on a localized sCCE to sREG mapping configuration

Two options have been discussed to define the sPDCCH candidates to sCCE mapping. First option is PDCCH-like:
· Option 1 - PDDCH-like: The sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by





where  is configured by higher layer signaling,[image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and  is the number of sPDCCH candidates to monitor at aggregation level  in sTTI k.

and second option is EPDCCH-like:
· Option 2 - EPDCCH-like: The sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by





where  is configured by higher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and  is the number of sPDCCH candidates to monitor at aggregation level  in sTTI k.

As described before, to support frequency selective scheduling, the sPDCCH candidates of a given AL should be spread over as many RB as possible within the sPDCCH RB set. This can be achieved with Option 2, i.e. EPDCCH-like, but, on the other hand, it may not always be possible with Option 1, i.e. PDCCH-like, where the candidates at the same AL are configured consecutively and thus are very likely experiencing similar channel conditions.
EPDCCH-like sPDCCH candidates to sCCE mapping allows supporting frequency selective scheduling

As an example, Figure 1 depicts a 2os DMRS-based sPDCCH RB set with 8 sCCE size with localized sCCE to sREG configuration. To make frequency selective scheduling possible in this configuration, the sPDCCH RB set includes PRBs from two different frequency ranges: First group of sCCEs {0, 1, 2, 3} are built with physical RBs located at the beginning of the available bandwidth, i.e. PRBs from 0-7. The second group of sCCEs {4, 5, 6, 7} are built with physical RBs located at the end of the available bandwidth, i.e. PRBs 42-49.
The UE is configured with a total of six sPDCCH candidates to be monitored per sTTI. The aggregation levels and number of sPDCCH candidates per AL are: L = {1, 2, 4} and = {3, 2, 1}. For simplicity, the starting sCCE index UE specific offset is the same for all AL: . The resulting sPDCCH candidates {A, B, C} represent AL1 candidates, wherein A corresponds to candidate m=0, B to m=1 and C to m=2. Likewise, {D, E} represent AL2 candidates and {F} AL4 candidate. 
As observed, based on EPDCCH-like formula, it is possible to configure the UE at least with one candidate in the first frequency range and with one in the second frequency range at AL1 and AL2. On the other hand, based on PDCCH-like formula, for the same UE all the candidates are allocated only within the first frequency range. Configuring a different value of  might provide the option of frequency selective scheduling with PDCCH-like formula. However, it will increase the blocking probability between users sharing the same search space.

[image: ]
[bookmark: _Ref494114597]Figure 1 Example of sPDCCH candidates to sCCE mapping based on EPDCCH-like and PDCCH-like for one UE configured with an sPDCCH RB set of 8 sCCE size (sCCE to sREG localized mapping)

EPDCCH-like further provides a lower blocking probability between UEs sharing the same sPDCCH RB set. Figure 2 depicts an example of configuring two UEs sharing the same sPDCCH RB set. Each UE is configured with a different starting sCCE indexes . For UE0, and for UE1, . For simplicity, the same value is used for all ALs. As observed, the candidates at the same AL of both UEs are configured in a non-overlapping way based on the EPDCCH-like formula. Furthermore, the candidates obtained by EPDCCH-like are spread along the sPDCCH RB set, i.e. making frequency selective scheduling possible. 
For instance, if candidate F (AL4) is used for the sPDCCH transmission of UE0, the eNB can still transmit the sPDCCH for UE1 on either candidate F (AL4), E (AL2) or C (AL1). On the other hand, based on PDCCH-like formula, it is observed that UE0 and UE1 get all AL1 candidates located in the same frequency range as well as the AL1 and AL2 candidates of both UEs are mostly overlapping, i.e. higher blocking probability.
[bookmark: _Toc490240926]The sCCEs corresponding to an sPDCCH candidate for CRS-based sPDCCH localized and distributed configurations, DMRS-based sPDCCH localized configuration, and DMRS-based sPDCCH distributed configuration at L=1 are determined as follows:
The sCCEs corresponding to an sPDCCH candidate m within the UE-specific sTTI search space are given by





	where  is configured by higher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and  is the number of sPDCCH candidates to monitor at aggregation level  in sTTI k.



[image: ]
[bookmark: _Ref494115350]Figure 2 Example of sPDCCH candidates to sCCE mapping based on EPDCCH-like and PDCCH-like for two UE sharing the same sPDCCH RB set of 8 sCCE size (sCCE to sREG localized mapping)

Furthermore, EPDCCH-like and PDCCH-like formulas are defined such a candidate m of AL>1 consists of consecutives sCCEs (based on , where ). As discussed in our companion paper [1], the sCCE to sREG distributed and localized configurations for CRS-based sPDCCH can be done at sREG level. However, for DMRS-based sPDCCH, only the sCCE to sREG localized configuration can be done at sREG level. This means that the distributed DMRS-based sPDCCH configuration should be done at sCCE level.
Therefore, EPDCCH-like or PDCCH-like formulas discussed previously cannot be reused for distributed DMRS-based sPDCCH configuration for AL>1. For that, a candidate m of AL>1 should be configured with sCCEs selected in a distributed manner. Hence, the sCCEs corresponding to an AL>1 distributed DMRS-based sPDCCH candidate m within the UE-specific sTTI search space could be given by





where  is configured by higher layer signaling, . is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ], and.
As an example, Figure 3 depicts the distributed DMRS-based sPDCCH candidates for a UE configured with a sPDCCH RB set of 8 sCCE size. Since the distributed DMRS-based sPDCCH configuration can be done only for candidates at AL>1, the AL1 candidates are based on EPDCCH-like formula.

The sCCEs corresponding to an sPDCCH candidate for DMRS-based sPDCCH distributed configuration and L>1 are determined as follows:
	The sCCEs corresponding to an sPDCCH candidate m within the UE-specific sTTI search space are given by




where  is configured by higher layer signaling, . is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ], and.


[image: ]
[bookmark: _Ref494120339]Figure 3 Example of distributed DMRS-based sPDCCH candidates for one UE configured with an sPDCCH RB set of 8 sCCE size
Conclusion
In section 2 we made the following observations:
1. Having the same format for short TTI and 1ms TTI in PDCCH USS will limit number of blind decodes in PDCCH
The search space of sDCI in PDCCH can be a subset of the search space for 1ms TTI DCI
An sPDCCH RB set supporting frequency selective scheduling becomes especially important for a set based on a localized sCCE to sREG mapping configuration
EPDCCH-like sPDCCH candidates to sCCE mapping allows supporting frequency selective scheduling

Based on the discussion in section 2 we propose the following:
1. M_total is equal to 6 and 12 for 2/3os and 1-slot sTTI, respectively
1. The eNB configures M_p^L such as the sum(M_p^L) over all configured AL L and all configured sPDCCH RB set to be monitored by a UE per sTTI is equal to M_total.
1. A UE is configured only with the sPDCCH RB sets that it needs to monitor per sTTI
1. For 2/3os sTTI UEs, a UE is configured over RRC with up to two configurations per sPDCCH RB set indicating the number of sPDCCH candidates to monitor per aggregation level. Each configuration is related to a set of sTTIs.
1. A single size is defined for both DL and UL sDCI 
 The sCCEs corresponding to an sPDCCH candidate for CRS-based sPDCCH localized and distributed configurations, DMRS-based sPDCCH localized configuration, and DMRS-based sPDCCH distributed configuration at L=1 are determined as follows:
The sCCEs corresponding to an sPDCCH candidate m within the UE-specific sTTI search space are given by





	where  is configured by higher layer signaling, [image: ], is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ],and  is the number of sPDCCH candidates to monitor at aggregation level  in sTTI k.
The sCCEs corresponding to an sPDCCH candidate for DMRS-based sPDCCH distributed configuration and L>1 are determined as follows:
	The sCCEs corresponding to an sPDCCH candidate m within the UE-specific sTTI search space are given by




where  is configured by higher layer signaling, . is the total number of sCCEs in sPDCCH RB set[image: ]of sTTI[image: ], and.
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