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Introduction
In this contribution, we discuss remaining aspects of sPDCCH, search space and sDCI that still need to be addressed. Our view on the sPDCCH resource reuse scheme is explained in a thorough manner in our companion contribution [1].
This contribution is revised from R1-1717162, R1-1717163 and R1-1717161.
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc458603720]sPDCCH and Search Space
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.
[bookmark: _Toc498705620]M_total is equal to the maximum allowable blind decodes per sTTI on one CC, i.e. 6 and 12 for 2/3os and 1-slot sTTI, respectively.
Likewise, in RAN1#90 was agreed that for sDCI monitoring in legacy PDCCH, the hashing function for PDCCH is used by using M_sDCI^(L) instead of M_L. The value of M_sDCI^(L) was left as FFS. For that, M_sDCI^(L) is defined as the minimum value between M_p^(L) and M_L.
[bookmark: _Hlk494121407][bookmark: _Toc498705621]M_sDCI^(L) is equal to min{M_p^(L), M_L}
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][bookmark: _Toc498705618]Having the same format for short TTI and 1ms TTI in PDCCH USS will limit number of blind decodes in PDCCH
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][bookmark: _Toc498705622]A single size is defined for both DL and UL sDCI
Modulated symbols to RE mapping for localized CRS-based sPDCCH
[bookmark: _Hlk498527769]The mapping of modulated symbols to a localized CRS-based sPDCCH candidate is performed for AL>1 candidates by an interleaving function on sREG level. For that, a block interleaver matrix can be defined such that each AL is a column and the sREG indexes building a candidate are written in an interleaved manner row by row. The modulated symbols are mapped to the sREG indexes according to the resulting column. For example, in an AL2 candidate built with sCCE0 and sCCE1 with sREG indexes {0, 1, 2, 3} and {4, 5, 6, 7}, respectively, the modulated symbols are mapped in the following sREG index order: {0, 4, 1, 5, 2, 6, 3, 7}. For AL1 candidates, sREG interleaving is not needed.
[bookmark: _Toc498705623]The mapping of modulated symbols to a localized CRS-based sPDCCH candidate is performed for AL>1 candidates by an interleaving function on sREG level. For AL1 candidates, sREG interleaving is not needed
sPDCCH candidate to sCCE mapping
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 favorable channel conditions.
[bookmark: _Hlk494114375][bookmark: _Toc498705619]An sPDCCH RB set supporting frequency selective scheduling becomes especially important for a set based on a localized sCCE to sREG mapping configuration
As the outcome of the email discussion/approval on sPDCCH design and search space previous to RAN1#91, for CRS-based sPDCCH one of the following two options is selected for determining the logical sCCEs corresponding to an sPDCCH candidate m of the sPDCCH search space at aggregation level:
· Option 1 (PDDCH-like): The logical sCCEs corresponding to sPDCCH candidate m 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.

· Option 2 (EPDCCH-like supporting any starting sCCE): The logical sCCEs corresponding to sPDCCH candidate m 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, with option 2, the sPDCCH candidates of a given AL should be spread over as many RB as possible within the sPDCCH RB set. This is especially important for the localized CRS-based sPDCCH mapping, as it enables the eNB to select the sPDCCH candidate with the best channel conditions. On the other hand, it may not always be possible with Option 1, where the candidates at the same AL are configured consecutively and thus are very likely experiencing similar channel conditions. This is depicted in Error! Reference source not found.Figure 1 for the example of one UE configured with a localized 1os CRS-based sPDCCH RB set of 8 sCCEs size, , L={1, 2} and . To make frequency selective scheduling possible in this configuration, the sPDCCH RB set includes physical RBs 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, e.g. PRBs from 0-15. The second group of sCCEs {4, 5, 6, 7} are built with physical RBs located at the end of the available bandwidth, e.g. PRBs 34-49.
Furthermore, supporting any starting sCCE provides full flexibility to the eNB to configure different UEs within the same sPDCCH RB set.
[bookmark: _Toc498705624]The sCCEs corresponding to an sPDCCH candidate for CRS-based sPDCCH are determining by Option 2 equation

[image: ]
[bookmark: _Ref498515163]Figure 1 Example of 1os CRS-based sPDCCH candidates to sCCE mapping based on Option 1 (PDCCH-like) and Option 2 (EPDCCH-like) for one UE configured with an sPDCCH RB set of 8 sCCE size (sCCE to sREG localized mapping)
 For DMRS-based sPDCCH one of the following two options is selected for determining the logical sCCEs corresponding to an sPDCCH candidate m of the sPDCCH search space at aggregation level:
· Option 1 (EPDCCH-like): The logical sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by





where is determined 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.
· Option 2 (EPDCCH-like supporting any starting sCCE): The logical sCCEs corresponding to sPDCCH candidate  of the sPDCCH search space at aggregation level  are given by







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

These two options are fine. In particular, both options lead to distributed sPDCCH candidates over the RB set enabling the eNB to select the sPDCCH candidate with the best channel conditions. Nevertheless, option 2 provides more flexibility on the starting sCCE and could be aligned with the CRS-based sPDCCH case.
[bookmark: _Toc498705625]The sCCEs corresponding to an sPDCCH candidate for DMRS-based sPDCCH are determining by Option 2 equation
SFBC details for CRS-based sPDCCH
Assuming an X-port SFBC is adopted for CRS-based sPDCCH, the number of usable tones per sREG needs to be a multiple of X, but may not be for a variety of reasons.  Firstly, two port CSI-RS may be present in the same symbols as sPDCCH, as shown below.  While one two port CSI-RS is shown here, UEs can be configured with multiple two port CSI-RSs for CoMP or for FD-MIMO with K>1 CSI-RS resources, and these will generally be distributed over different OFDM symbol pairs in a subframe.  Consequently, half of the sTTIs in a subframe could be impacted.  Secondly, if sPDSCH DMRS uses 3 REs in an sREG, there will again be an odd number of REs in the sREG, and this will happen in every sTTI in which the sPDSCH is scheduled.  If proposals such as simply dropping REs that do not form complete pairs/groups are used, we lose the use of up to X-1 REs per sREG, amounting to 1/12 and 3/12 REs for 2 port and 4 port SFBC, respectively.  Such 8-25% losses of available REs substantially reduce the gains of SFBC for sPDCCH.
An alternative to recover the otherwise lost REs is simply to repeat one of the transmitted SFBC symbols in the orphan RE. Figure 2 depicts an example with two port CSI-RS and two port SFBC. The REs available in the sREG are grouped in pairs. The orphan RE is associated to the last group and contains a repetition of a symbol from this last group (here S8 on antenna port 0 and -S9* on antenna port 1).  The orphan RE can be paired with its neighboring RE using the normal SFBC reception process, as shown by the dashed arrows.  Four port SFBC can be implemented in a similar way.
[bookmark: _Toc490255149][bookmark: _Toc490255169][bookmark: _Toc490255416][bookmark: _Toc498705626]Handle SFBC ‘orphan’ REs by repeating an RE of each sREG 

 [image: ] [image: ] 
[bookmark: _Ref490217627]Figure 2 Orphan recovery for sPDCCH with SFBC
sPDCCH resource reuse scheme
Our view on the sPDCCH resource reuse scheme is explained in a thorough manner in our companion contribution [1].
Fields in sDCI1
As agreed in RAN1#88, the legacy DCI content should be the starting point when defining the fields for sDCI1. 
Since there are only a few number of blind decodes available per sTTI, e.g. 6 for 2os TTI, it is proposed that the UE monitors a single DCI size per sTTI. This means that padding bits should be added to the smallest of the UL and DL DCI formats. A field should be added to all DCI formats to be able to differentiate UL grants from DL  assignments.

[bookmark: _Toc493864258][bookmark: _Toc494313773][bookmark: _Toc494314069][bookmark: _Hlk498696032][bookmark: _Toc498705627]The UE monitors a single sDCI size per sTTI for UL and DL sTTI scheduling. The DCI formats contain a field for differentiating UL grants from DL assignments.  

To be able to schedule a UE on sTTI during a RRC configuration, it is proposed to support a fallback Tx scheme common to all transmission modes. A field should be added to all DCI formats to be able to differentiate the fallback Tx scheme from the DL Tx scheme.

[bookmark: _Toc493864259][bookmark: _Toc494313774][bookmark: _Toc494314070][bookmark: _Toc498705628]The DCI formats contain a field for differentiating the fallback Tx scheme from the TM specific Tx scheme.  

Details on possible sDCI1 content is given in the following sections. In our companion contribution [2], we provide details on how to support multi-sTTI scheduling.

sDCI1 fields for sPDSCH scheduling

The sPDSCH DCI formats should be based on the legacy DCI formats. Some fields should be removed, while others should be added. The following has been agreed in RAN1#90bis and during email discussion after RAN1#90bis.
	Agreement: 
Following fields are removed from the baseline fields of DL sDCI format.
- Carrier indicator, MUST interference MUST interference presence and power ratio
- Second TB-related, TB to CW swap if the working assumption to support a single codeword for sPDSCH is confirmed.
- FFS: flag for format 0/1A, scrambling identity, TPC command, aperiodic zero-power CSI-RS resource indicator for PDSCH RE mapping, SRS request

Agreement: 
Following fields are inserted into the baseline fields of DL sDCI format.
- DMRS indication for 2/3 os sTTI
- ARI
- sPDCCH resource reuse if dynamic mechanism for the reuse of unused sPDCCH resource by explicit indication is agreed to be supported.
- FFS: UL/DL differentiation flag, Transmission scheme flag, sDCI/DCI flag, RA header, Number of scheduled sTTIs for multi-sTTI scheduling

Agreements:
· RA header field (RA type 0/type1) is removed from the baseline fields of DL sDCI format.
· If a single resource allocation type for sPDSCH is RRC configured, RA header field (RA type 0/type2) is not supported in DL sDCI format. Otherwise, 1-bit RA header field (RA type 0/type2) is inserted into the baseline fields of DL sDCI format.





For each TM specific DL DCI of sTTI, the following fields should also be removed:
· SRS request (1A, 2B, 2C, 2D)
· Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping (1, 1B, 2B, 2C, 2D)

For each TM specific DL DCI of sTTI, add fields for: 
· UL/DL flag (1 bit), 
· transmission scheme fallback flag (1 bit),
· sPDCCH resource reuse field (up to 3 bits)
· resource allocation header type to choose between RA type 0 or type 2 (1 bit)

The corresponding fields need to have a different size.
· The HARQ process number field should be of 4 bits to support 16 HARQ processes.
· For configurations with a TDD primary cell where today the size of the DAI field is 2 bits, 3 bits may be needed for TDD UL/DL configuration 5 as discussed in [3]. For the other configurations 2 bits are sufficient. To simplify the design, a common DAI size of 2 bits may be defined with the consequence of ambiguous DAI interpretation for configuration 5.
· The field for Resource block assignment is smaller than in legacy. According to the agreements on sRBG size from RAN1#90bis, the number of bits for resource allocation should be as follows.
· the number of bits for RA type 0 should be: 4, 8, 6, 8 for system bandwidth of 5, 10, 15, 20MHz respectively.
· the number of bits for RA type 2 should be: 6, 6, 8, 9 for system bandwidth of 5, 10, 15, 20MHz respectively. (depends on the decision on sRBG size)


[bookmark: _Toc493864260][bookmark: _Toc494313775][bookmark: _Toc494314071][bookmark: _Toc498705629]The DCI formats for scheduling sPDSCH are defined as listed in section 2.1.1  

sDCI1 fields for sPUSCH scheduling
The sPUSCH DCI formats should be based on the legacy UL DCI formats with an extension to support asynchronous UL HARQ. The following has been agreed in RAN1#90bis and during email discussion after RAN1#90bis.
	Agreement:
· Following fields are removed from the baseline fields of UL sDCI format.
· Carrier indicator, Frequency hopping flag
· Second TB-related if only single codeword is agreed to be supported for sPUSCH.
· FFS: A-CSI request, Resource allocation type, multi-cluster flag, DAI, SRS request
Agreement:
· At least the following fields are inserted into the baseline fields of UL sDCI format.
· HARQ process ID, RV
Agreement:
· At least for one codeword and single sTTI scheduling, the bit size of RV field of UL sDCI format is 2 bits.
Agreement:
· Following fields are inserted into the baseline fields of UL sDCI format.
· DMRS position (2/3os)
· FFS: UL/DL differentiation flag, Transmission scheme flag, Fields related to IFDMA-based DMRS, Number of schduled sTTIs for multi-sTTI scheduling
Agreement:
· The bit size of DMRS position field of UL sDCI format for 2/3-OS sTTI is 2 bits.



For each TM specific UL DCI of sTTI, remove the fields for:
· SRS request (DCI format 0, 4)
· Resource allocation type field

For each TM specific UL DCI of sTTI, add fields for: 
· UL/DL flag (1 bit), 
· Tx scheme fallback flag (1 bit)

For IFDMA/UL DMRS signalling, two fields are required: 
· one field for indicating if RPF 1 or 2 is applied (at least for slot TTI). This can be done by the existing field “Cyclic Shift Field mapping table for DMRS (DCI format 0, 4)” or it can be done by a new field with a more explicit name like “RPF value”  (in which case the field “Cyclic Shift Field mapping table for DMRS” should be removed from the baseline DCI)
· one field for indication the cyclic shift index and COMB index. The existing field “Cyclic shift for DMRS and OCC index and IFDMA configuration” can be changed into a field called “cyclic shift for DMRS and IFDM configuration” and would be reduced to 1 bit for both subslot and slot sPUSCH.


The corresponding fields in the UL DCI formats will change size.
· the field for “Cyclic shift for DM RS and OCC index and IFDMA configuration” (DCI format 0) can be reduced to 1 bit.
· For configurations with a TDD primary cell where today the size of the DAI field is 2 bits, 3 bits may be needed for TDD UL/DL configuration 5 as discussed in [3]. For the other configurations 2 bits are sufficient. To simplify the design, a common DAI size of 2 bits may be defined with the consequence of ambiguous DAI interpretation for configuration 5.

· The field for Resource block assignment is smaller than in legacy. According to the agreements from RAN1#90bis, the number of bits for resource allocation is reduced compared to 1ms TTI.
· the number of bits for RA type 0 should be: 5,7,8,9 for system bandwidth of 5, 10, 15, 20MHz respectively. (depends on the sRBG size)

[bookmark: _Toc493864261][bookmark: _Toc494313776][bookmark: _Toc494314072][bookmark: _Toc498705630]The DCI formats for scheduling sPUSCH are defined as listed in section 2.1.2  

sDCI2
sDCI2 was discussed with the intention to:
· reduce the number of blind decodes for the UE by signaling a subset of the RRC configured sPDCCH search space and 
· reduce computational effort/achieve some power saving at the UE by deactivating sPDCCH monitoring in some subframes.
These two use cases for sDCI2 make sDCI2 UE-specific. It is thus more appropriate to send sDCI2 on the UE-specific search space.
The control overhead reduction of two-level DCI variants based on sDCI2 is limited or inexistent. In addition, two-level DCI schemes have a robustness issue due to the probability of sDCI2 misdetection. A default UE behaviour could be defined to mandate sDCI1 monitoring if sDCI2 is missed. But this would remove the benefits of sDCI2 in terms of reduced number of blind decodes. Moreover, it would require a sDCI2 containing a sPDCCH monitoring deactivation command to be sent in every subframe to avoid being interpreted as a misdetected sDCI2. With sDCI2 sent in every subframe and not on demand, the control overhead increases.
In short, the benefits if sDCI2 are unclear. 
[bookmark: _Toc476756744][bookmark: _Toc476756865][bookmark: _Toc478131675][bookmark: _Toc478133510][bookmark: _Toc478148497][bookmark: _Toc481489876][bookmark: _Toc481756984][bookmark: _Toc490231556][bookmark: _Toc493864278][bookmark: _Toc494313777][bookmark: _Toc494314073][bookmark: _Toc498705631]Do not support two-level DCI for sTTI scheduling
Conclusion
In section 2 we made the following observations:
Observation 1	Having the same format for short TTI and 1ms TTI in PDCCH USS will limit number of blind decodes in PDCCH
Observation 2	An sPDCCH RB set supporting frequency selective scheduling becomes especially important for a set based on a localized sCCE to sREG mapping configuration

Based on the discussion in section 2 we propose the following:
Proposal 1	M_total is equal to the maximum allowable blind decodes per sTTI on one CC, i.e. 6 and 12 for 2/3os and 1-slot sTTI, respectively.
Proposal 2	M_sDCI^(L) is equal to min{M_p^(L), M_L}
Proposal 3	A single size is defined for both DL and UL sDCI
Proposal 4	The mapping of modulated symbols to a localized CRS-based sPDCCH candidate is performed for AL>1 candidates by an interleaving function on sREG level. For AL1 candidates, sREG interleaving is not needed
Proposal 5	The sCCEs corresponding to an sPDCCH candidate for CRS-based sPDCCH are determining by Option 2 equation
Proposal 6	The sCCEs corresponding to an sPDCCH candidate for DMRS-based sPDCCH are determining by Option 2 equation
Proposal 7	Handle SFBC ‘orphan’ REs by repeating an RE of each sREG
Proposal 8	The UE monitors a single sDCI size per sTTI for UL and DL sTTI scheduling. The DCI formats contain a field for differentiating UL grants from DL assignments.
Proposal 9	The DCI formats contain a field for differentiating the fallback Tx scheme from the TM specific Tx scheme.
Proposal 10	The DCI formats for scheduling sPDSCH are defined as listed in section 2.1.1
Proposal 11	The DCI formats for scheduling sPUSCH are defined as listed in section 2.1.2
Proposal 12	Do not support two-level DCI for sTTI scheduling

[bookmark: _In-sequence_SDU_delivery]References
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