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1. Introduction
At the RAN1#84bis meeting, sPDCCH design was extensively discussed, and the following agreements were achieved [1].
	Agreement:
· sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI.

· Each short TTI on DL may contain sPDCCH decoding candidates

Working Assumption:
· CRS-based sPDCCH is recommended to be supported 

· FFS whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region 

· DMRS-based sPDCCH is recommended to be supported 

· Design of both CRS-based sPDCCH and DMRS-based sPDCCH will be studied further. 

Conclusions:
· A maximum number of BDs will be defined for sPDCCH in USS

· In case 2-level DCI is adopted, any DCI for sTTI scheduling carried on PDCCH may be taken into account in the maximum total number of BDs 

· FFS whether the maximum number is dependent on the sTTI length

· FFS whether the maximum number of blind decodes for (E)PDCCH is reduced in subframes in which the UE is expected to perform blind decodes for sPDCCH

· FFS whether a UE may be expected to monitor both EPDCCH and sPDCCH in the same subframe

· FFS whether the maximum number of BDs on PDCCH is changed from the legacy number

· if DCI on PDCCH is for sTTI scheduling

Conclusion for study till RAN1#85: 

· Two-level DCI can be studied for sTTI scheduling, whereby:

· DCI for sTTI scheduling can be divided into two types:

· “Slow DCI”: DCI content which applies to more than 1 sTTI is carried on either legacy PDCCH, or sPDCCH transmitted not more than once per subframe

· FFS whether “Slow DCI” is UE-specific or common for multiple UEs

·  “Fast DCI”: DCI content which applies to a specific sTTI is carried on sPDCCH

· For a sPDSCH in a given sTTI, the scheduling information is obtained from either:

· a combination of slow DCI and fast DCI, or

· fast DCI only, overriding the slow DCI for that sTTI

· Compare with single-level DCI carried on one sPDCCH or one legacy PDCCH.

· It is not precluded to consider schemes in which the slow DCI also includes some resource allocation information for the sPDCCH.

· Methods for reducing the overhead of single-level DCI can also be studied

· Single-level DCI multi-sTTI scheduling for a variable number of sTTIs may be included

Aim to reduce the number of schemes under consideration at RAN1#85.


It is a common understanding in RAN1 that the sPDCCH (PDCCH for short-TTI) needs to be introduced per short-TTI basis. In this contribution, possible design aspects of sPDCCH are discussed.
2. Possible sPDCCH designs
2.1. Channel structure
The sPDCCH can be designed such that it is placed at the beginning of each short-TTI so that UE can process it at the earliest timing of the given short-TTI. Another possible design option is to map the sPDCCH over the entire short-TTI in time and enable multiplexing the sPDCCH with sPDSCH in the same short-TTI as an FDM manner. Those two could have different advantages in different short-TTI lengths.
In either option, it is important to make sure that the sPDCCH does not span over the entire system bandwidth, and the frequency-position of sPDCCH can be changed dynamically, e.g., per subframe basis, so that the short-TTI and legacy-TTI should be able to be FDMed in a flexible manner. There are two approaches to enable this:

Alt. 1: sPDCCH region (or position of second-level DCI) is indicated by PDCCH (or by first-level DCI)
This approach is highly related to two-level DCI. If the first-level (i.e., slow) DCI indicates the information regarding the frequency-position of the second-level (i.e., fast) DCI, UE can recognize where the second-level DCI could be mapped. The indication can be per subframe.
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Fig. 1
Alt.1: sPDCCH region (or position of second-level DCI) is indicated by PDCCH (or by first-level DCI).
Alt. 2: Mapping sPDCCH blind decoding candidates over different frequency-positions

In this approach, the information on the frequency-position of the second-level DCI indicated by the first-level DCI is not necessary. sPDCCH needs to be designed such that each of the sPDCCH blind decoding candidates is mapped on a certain (and different) limited frequency. Then, the UE performs blind decodes for those sPDCCH candidates, which is mapped on different frequency-positions. eNB can decide the actual position of sPDCCH for the UE, while it is detected by the UE through blind decodes. The total number of sPDCCH blind decodes per short-TTI can be divided into these frequency-positions.
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Fig. 2
Alt.2: Mapping sPDCCH blind decoding candidates over different frequency-positions
Observation 1:

· sPDCCH should be designed such that the sPDCCH frequency-position/bandwidth is limited and is able to be mapped to one of multiple frequency-positions.

· The frequency-position of sPDCCH should be able to be changed per subframe basis in a dynamic manner.

· Alt.1: The frequency-portion is indicated by PDCCH (or by first-level DCI).

· Alt.2: Mapping sPDCCH blind decoding candidates on multiple frequency-positions.
2.2. RS structure
For legacy PDCCH and EPDCCH, CRS on antenna port #0-#3 and DMRS on antenna port #107-#110 are used, respectively. For sPDCCH, existing CRS can be re-used in any short-TTI. The CRS is transmitted in all the subframes over all the PRBs and hence is always available. In case of 4/3/4/3-symbols and 7/7-symbols, CRS on antenna port #0-#1 and #0-#3 are equally contained/mapped in each short-TTI, respectively, and hence, channel estimation performance of sPDCCH (or sPDSCH) in different short TTI when CRS is used can be not much different (except for SFBC + FSTD for 4/3/4/3-symbols).
For DMRS-based sPDCCH, separate DMRS port(s) from that/those for sPDSCH should be baseline since the number of layers, precoding matrices, MCS, coding scheme/rate, target BLER, etc., are different between these two channels. However, especially if the sPDCCH is placed at the beginning of a short-TTI, this requires further RS overhead increase. Therefore, it can also be possible to share the same DMRS between sPDCCH and sPDSCH as an optional way. 
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Fig. 3
Separate DMRS and shared DMRS for sPDCCH and sPDSCH.
Observation 2:

· Independent DMRS for sPDCCH and sPDSCH should be baseline.
· In order to reduce the RS overhead, shared DMRS for sPDCCH and sPDSCH can be considered.
2.3. DCI design
Useful DCI design depends on which information needs to be either per subframe basis or per short-TTI basis. Two-level DCI, in which the first-level (slow) DCI conveys per subframe information and the second-level (fast) DCI conveys per short-TTI information, is effective to reduce the control channel overhead if the amount of information that can be per subframe basis is large. Considering that the sPDSCH scheduling is per short-TTI and per UE, HARQ related information (i.e., HARQ process number, NDI, and RV) and MIMO/MCS related indication (i.e., precoding information, antenna port(s), scrambling identity and number of layers, MCS field, etc) should be conveyed by the second-level (fast) DCI. TPC command for sPUCCH/sPUSCH should also be in the second-level (fast) DCI since TPC command accumulation is UE-specific. Regarding the resource indication field, which would require large number of bits, the question is whether it is necessary to indicate resource allocation for sPDSCH and/or sPUSCH per short-TTI basis, or it is sufficient to indicate resource allocation for sPDSCH and/or sPUSCH per subframe basis. In addition, if it is sufficient to indicate resource allocation for those per subframe basis, follow-up question is whether the field can be common for UEs scheduled in different short-TTIs within the same subframe. Depending on the answers to these questions, preferable DCI design could be different.
Basically, the short-TTI is useful to reduce the latency especially for TCP slow-start phase. Therefore, the packet size for UEs requiring the short-TTI operation is not expected to be large. In other words, full flexibility in resource allocation may not be essential. On the other hand, depending on the number of MIMO layers and preferred MCS level, necessary number of PRBs for sPDSCH and/or sPUSCH could be different among UEs. Therefore, it is not always true that UEs scheduled on different short-TTI within the same subframe can be allocated with the same amount of resource. If the resource allocation field is common among UEs, then the eNB needs to reserve PRBs for sPDSCH and/or sPUSCH on the subframe taking into account the UE that may require the largest amount of PRBs in the subframe.
As such, it is observed that large amount of scheduling information should be UE-specific and short-TTI-specific. Two-level DCI, if introduced, should be designed to take the above into account.
Observation 3:

· HARQ/MIMO/MCS-related information should be indicated per UE and per short-TTI basis.

· Resource allocation information should be indicated per UE and per short-TTI basis.

2.4. Blind decoding
EPDCCH can be used to schedule legacy PDSCH and PUSCH as an alternative to PDCCH. However, unlike EPDCCH, sPDCCH is specifically used to receive/transmit sPDSCH and sPUSCH and cannot be alternative to PDCCH/EPDCCH. Therefore, it is desirable to keep the same number of PDCCH (and EPDCCH) blind decoding for UE-specific search space within a subframe, even when a sPDCCH monitoring is configured. Otherwise the sPDCCH monitoring reduces the number of PDCCH (and EPDCCH) blind decoding for UE-specific search space within the subframe, which may increase the PDCCH (and EPDCCH) blocking probability and degrades the PDCCH (and EPDCCH) performance.
Regarding FFS whether a UE may be expected to monitor both EPDCCH and sPDCCH in the same subframe, it is possible to use EPDCCH to schedule PUSCH transmission while to use sPDCCH to schedule sPDSCH. Therefore, as long as it is not harmful, UE should be expected to monitor both EPDCCH and sPDCCH in the same subframe.
Observation 4:

· It should be allowed to keep the maximum number of blind decodes for (E)PDCCH UE-specific search space even in subframes in which the UE is expected to perform blind decodes for sPDCCH.

· A UE is expected to monitor both EPDCCH and sPDCCH in the same subframe
3. Conclusion
In this contribution, we discussed design aspects of sPDCCH and reached following observations.
Observation 1:

· sPDCCH should be designed such that the sPDCCH frequency-position/bandwidth is limited and is able to be mapped to one of multiple frequency-positions.

· The frequency-position of sPDCCH should be able to be changed per subframe basis in a dynamic manner.

· Alt.1: The frequency-portion is indicated by PDCCH (or by first-level DCI).

· Alt.2: Mapping sPDCCH blind decoding candidates on multiple frequency-positions.
Observation 2:

· Independent DMRS for sPDCCH and sPDSCH should be baseline.

· In order to reduce the RS overhead, shared DMRS for sPDCCH and sPDSCH can be considered.
Observation 3:

· HARQ/MIMO/MCS-related information should be indicated per UE and per short-TTI basis.

· Resource allocation information should be indicated per UE and per short-TTI basis.

Observation 4:

· It should be allowed to keep the maximum number of blind decodes for (E)PDCCH UE-specific search space even in subframes in which the UE is expected to perform blind decodes for sPDCCH.

· A UE is expected to monitor both EPDCCH and sPDCCH in the same subframe
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