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Introduction
In RAN1#86 the following was agreed in [2]:
· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH) .
· QPSK is used for sPDCCH.
· Tail biting convolutional coding is used for sPDCCH.
· For CRS-based sPDCCH, 
· In time domain,
· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 
In RAN1#88bis the following agreements and working assumptions were defined:
· Agreements:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS based sPDCCH
· The number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer
· FFS: 
· UE capability on: The HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS based sPDCCH 
· The number of OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is 1 or 2 configured by higher layer.
· FFS: 3 OFDM symbols
· RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH
· Working assumptions:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH (To be confirmed by RAN1#89)
· A sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· FFS if more than one set can be distributed/localized
· A UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space.
· FFS whether more than two can be configured to a UE (To be confirmed by RAN1#89)

[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 such as aggregation levels, candidates to monitor and limitation of number of blind decodes for sTTI UEs. 
[bookmark: _Toc458603720]sPDCCH Search Space 
Aggregation Levels
System level evaluations have showed that short TTI is beneficial mostly at low to medium loads [2]. Besides, it was also described in [2] how important it is to have a flexible sPDCCH region in sTTI. At low to medium loads, only few resources are needed for sPDCCH due to few co-scheduled users and due to high SINR (low interference). 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, which is expected to remain low. Based on this, three aggregation levels (AL) {1, 2, 4}, are defined to be supported for short TTI operation. AL 1 and 2 are expected to be used most of the time, while AL 4 is to ensure sTTI operation under temporary high interference or bad channel conditions.

[bookmark: _Toc481759622][bookmark: _Toc481760288][bookmark: _Toc481760735][bookmark: _Toc481760821]Three aggregation levels {1, 2, 4} are supported for short TTI operation

Based on this, a UE should be capable to monitor up to three aggregation levels per sTTI. However, a UE may be configured by higher layers to monitor only a subset of the aggregation levels supported for sTTI. For instance, one low aggregation level, i.e. either 1 or 2, for efficient resource utilization in good channel conditions and one high aggregation level, i.e. 4, for low channel quality. 

[bookmark: _Toc481759616][bookmark: _Toc481760278][bookmark: _Toc481760742][bookmark: _Toc481760815]A UE can be configured by higher layers to monitor only a subset of the aggregation levels supported for sTTI.

sPDCCH Candidates and Blind Decodes
In Rel-8, four aggregation levels {1, 2, 4, 8} are defined for PDCCH and the blind decode candidates for each of these aggregation levels for the UE specific search space is fixed to {6, 6, 2, 2} respectively, i.e. a total of 16 candidates in 1ms subframe for the UE specific search space. The same principle is also defined for ePDCCH, 16 candidates. This leads to 32 blind decodes (in USS) considering that a UE needs to monitor two different DCI sizes. 
As agreed in RAN1#87, dynamic switching between short and 1 ms TTI is supported. This means that a UE has to search for both 1ms TTI assignment/grant and sTTI assignment/grant in a subframe. Since the UE will need to monitor additional candidates in the sPDCCH multiple times per subframe, the total number of blind decodes the UE needs to perform will increase. One should keep in mind that the processing capability since Rel-8 timeframe has increased, so some additional blind decodes per carrier should be possible for the UE to handle. 
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As a general principle, the same UE capabilities and thus the same number of required blind decodes for sTTI operation should be targeted for both FS1 and FS2. The solutions to limit the number of blind decodes may be slightly different for FS1 and FS2. But the requirements in terms of number of blind decodes per sTTI should be the same in FS1 and FS2 assuming the same sTTI length. 
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In 2 OFDM symbol sTTI, there are six sTTI within 1ms subframe. If a maximum of six sPDCCH candidates is considered for each sTTI and assuming same DL/UL sDCI sizes, the UE would need to monitor additionally 36 candidates within 1ms subframe for sTTI operation. If the DL/UL sDCI sizes are different, then 72 additional candidates will need to be monitored. This, however, would require high processing capabilities for the UEs to monitor all the PDCCH and sPDCCH candidates every 1ms subframe. Therefore, sTTI operation should aim supporting less than six sPDCCH candidates per UE for each sTTI.

[bookmark: _Toc481759624][bookmark: _Toc481760291][bookmark: _Toc481760738][bookmark: _Toc481760824]sTTI operation supports up to 6 sPDCCH candidates per UE for each sTTI

Considering up to six sPDCCH candidates per UE for each sTTI, low aggregation levels, i.e. 1 and 2, may comprise up to three candidates and the high aggregation level, i.e. 4, up to two candidates (with the possibility of supporting only one AL 4 candidate). For instance, if a UE is configured with aggregation levels {1, 2, 4} the number of sPDCCH candidates could be defined as {2, 2, 1} to yield a total of 5 candidates per sTTI. For the example of only two aggregation levels configured for a UE, e.g. {2, 4}, the number of sPDCCH candidates could be defined as {3, 1} to yield a total of 4 candidates per sTTI. 

[bookmark: _Toc481759625][bookmark: _Toc481760292][bookmark: _Toc481760744][bookmark: _Toc481760817]The eNB should be able to select between three sPDCCH candidates for the low aggregation levels, e.g. 1 and 2, and between two sPDCCH candidates for higher aggregation level 

Different UEs should be able to share the same search space region, i.e. the same sPDCCH-PRB-set can contain the search space of different UEs. Also, since multiple sPDCCH candidates are considered within a UE search space, multiple UEs could share the same search space. Hence, the eNB obtains enough flexibility for multiplexing the sDCI of several UEs.

[bookmark: _Toc481759626][bookmark: _Toc481760293][bookmark: _Toc481760739][bookmark: _Toc481760825]Multiplexing of sPDCCH for different UEs within the same search space region is supported for sTTI operation

More considerations regarding sPDCCH-PRB-set configurations are given in our companion paper about design aspects of sPDCCH [3].
Limiting blind decodes on PDCCH
Since PDCCH can be used to transmit sDCI and dynamic switching between short and 1 ms TTI is supported, a UE has to search for both 1ms DCI and sDCI in PDCCH in every subframe. Consequently, the total number of blind decodes in PDCCH may increase. 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.
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[bookmark: _Toc481760281][bookmark: _Toc481760746][bookmark: _Toc481760819]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, for instance dedicated bits for RVI and QCL are needed in DL while not in UL. While uplink grants and downlink allocations might have different amount of bits needed in the DCIs, these formats will be blindly decoded on the same sCCEs. As already mentioned in 2.1.2, 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; see section 5.3.3.1.1 in [1]. 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.
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Conclusion
In section 2 we made the following observations:
Observation 1	A UE can be configured by higher layers to monitor only a subset of the aggregation levels supported for sTTI.
Observation 2	sTTI operation will require an increase in the number of blind decodes in the UE
Observation 3	The eNB should be able to select between three sPDCCH candidates for the low aggregation levels, e.g. 1 and 2, and between two sPDCCH candidates for higher aggregation level
Observation 4	Having the same format for short TTI and 1ms TTI in PDCCH USS will limit number of blind decodes in PDCCH
Observation 5	The search space of sDCI in PDCCH can be a subset of the search space for 1ms TTI DCI
Observation 6	A single size can be defined for both DL and UL sDCI, in order to limit the number of blind decodes for the UE

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	Three aggregation levels {1, 2, 4} are supported for short TTI operation
Proposal 2	Additional blind decodes might be defined for sTTI operation
Proposal 3	Target the same overall number of blind decodes per sTTI for FS1 and FS2 assuming the same sTTI length
Proposal 4	sTTI operation supports up to 6 sPDCCH candidates per UE for each sTTI
Proposal 5	Multiplexing of sPDCCH for different UEs within the same search space region is supported for sTTI operation


[bookmark: _In-sequence_SDU_delivery]References
R1-1611511, On sTTI scheduling options,3GPP TSG-RAN WG1 #87, November 2016
R1-163312, System level evaluation of short TTI, Ericsson, 3GPP TSG RAN WG1 Meeting #84 bis, Ericsson Busan, 11th – 15th April 2016
R1-1708862, Design aspects of sPDCCH, Ericsson, 3GPP TSG-RAN WG1 #89, May 2017
	3/4	
