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1. Introduction

In RAN1 #89 meeting, following agreements were made on DL sTTI. [1]:

	Agreement:

· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH

· 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

· 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)

· 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 


Based on these agreements, we discuss some issues related to search space in sPDCCH for shortened TTI in this contribution.
2. Discussion
2.1. Search space design for sDCI

2.1.1. Configuration of BD candidates for sPDCCH
In RAN1#88 meeting, it was agreed that sPDSCH/sPUSCH is scheduled by a UE-specific sDCI (i.e., sDCI1) and it would usually be transmitted in sPDCCH region. (The case when the sDCI is transmitted in PDCCH region would be discussed in the next section.) Then, the supported aggregation levels (AL) and the number of sPDCCH candidates is needed to be defined for sTTI operation.
As discussed in our companion contribution [2], we prefer a fixed number of sREGs per sCCE regardless of sTTI index, symbol index, and etc. With this approach, the number of available REs in sCCE would be variable and the candidates of aggregation level can change according to it. As a AL, {1,2,4,8} can also be reused in sPDCCH as in the legacy PDCCH and the candidates of aggregation levels can be determined according to the number of available REs. For example, {1,2,4} can be applied to a certain sTTI where the number of available REs/CCE is less than 24 REs and otherwise, {2,4,8} can be applied. The criterion for the number of available REs for applying different AL candidates can be further studied.
Regarding the configuration of BD candidates for sPDCCH, an approach which is similar to that of eCA can be adopted. A maximum number of candidates for each AL and a set of reduction value would be configured by higher layer signalling so as to determine the number of sPDCCH candidates to monitor at each AL. As mentioned above, AL candidates can be different according to the sTTI index, and the reduction value can be set to zero for AL candidates which would not be used. It would be necessary to configure sufficiently large number for the maximum candidates for an AL if the number of candidates for the AL after applying a reduction value is to be non-zero. For example, the number of candidates after applying a reduction value is too small (e.g., 1), then scheduling flexibility of sPDCCH will be significantly restricted. And the maximum number of candidates for 2-OS can be different from that for 7-OS.
Proposal 1: eCA-like approach with reduction value configuration can be reused for the configuration of BD candidates for sPDCCH.
2.1.2. Search space for sDCI in PDCCH region
As discussed above, sDCI is basically transmitted in sPDCCH region. However, if the starting symbol index of the first potential sPDSCH is 1 and in the first sTTI, it is also necessary to transmit sDCI in PDCCH region to support UL grant and also downlink scheduling. In this case, in order not to increase BD overhead, some mechanisms need to be considered and there are two different options for it. One is to assign separate search space to sDCI and DCI, and the other is to align the size of sDCI with that of DCI at least when sDCI is transmitted in PDCCH region.

2.1.2.1. Search space separation

A simple way to minimize BD increase in legacy PDCCH region is to divide search space candidates to sDCI and DCI without increasing the total BD numbers. USS for legacy operation can be split into two parts and each of which is utilized for DCI and sDCI, respectively. An additional RNTI is not needed for this case. In order not to increase the total number of BD compared to legacy operation, several candidates can be reserved for sDCI, e.g., some of candidates can be assigned to sDCI and the remainder is for legacy DCI.
Observation 1: Blind decoding candidates in PDCCH region can be split into two parts and each of which is utilized for DCI and sDCI, respectively.
2.1.2.2. sDCI size alignment

Another option for BD reduction is to align the sDCI size with legacy DCI size. In this option, there are issues to be considered for two cases: TM-dependent sDCI and TM-independent sDCI.

For the case of TM-dependent DCI, one possible option is to fit the size of sDCI to legacy DCI and insert an indication field in it. We may consider increasing the RBG size for sTTI operation, and the resource allocation field in legacy DCI can be reduced. Then, necessary padding can be done to align sDCI and DCI TM-dependent DCI sizes. This approach, however, requires changes in legacy TM DCIs as well depending on sTTI operation configuration. One simple approach is to increase 1 bit field in legacy DCI, and design sTTI DCI separately. Different sizes of those two can be handled by proper padding. Another option is to assign an additional RNTI. The same approach can also be applied to TM-independent sDCI, however, fallback operation via DCI 1A in USS would not be effectively supported as DCI 1A size would be changed.

Observation 2: Payload size alignment between sDCI and DCI with inserting indication field or assigning additional RNTI can be considered.
The sDCI can be sent in both PDCCH and sPDCCH, and the above mentioned approach can consistently be applied to both regions. However, an indication field and additional RNTI is redundant in the perspective of sDCI in sPDCCH. Also, changing DCI according to sTTI operation seems not desirable, either. Therefore, we prefer search space separation for BD reduction.

Proposal 2: Blind decoding candidates in PDCCH region can be split into two parts and each of which is utilized for DCI and sDCI, respectively.
A search space in sPDCCH can be designed regardless of that in PDCCH and there are two options for BD reduction. One is to assign the same BD candidates which are assigned to legacy PDCCH sDCI. Another option would be to assign a separate configuration to sDCI. One possible solution for the second option would be configuring different BD candidates to sDCI according to the resource allocated to sPDCCH.

BD reduction can further be considered in the search space of sDCI. In sPDCCH monitoring, whether TM-dependent DCI is only monitored or sDCI 1A is also monitored needs to be clarified. From the BD reduction perspective, it is desirable that only one sDCI size is used regardless of downlink or uplink and regardless of the configured TM. The sDCI size can be configured to the maximum sDCI size among downlink scheduling TM-dependent sDCI and uplink grant sDCI. If this is assumed, the difference between the size of UL sDCI and DL sDCI could be large considering the MIMO-related information in DL assignment sDCI. Then, the size of zero padding in UL grant sDCI would be so large that the performance degradation can occur. Furthermore, AL can unnecessarily become larger due to the zero padding. We need to investigate the impact of zero padding in terms of performance and resource management. Also, in case sDCI 1A is also supported, it is generally desirable to align sDCI 1A and sDCI 0 instead of aligning between TM-dependent sDCI and uplink grant sDCI. In such cases, we can consider the separate search space between UL grant sDCI/sDCI 1A and TM-dependent downlink scheduling sDCI. In other words, given a BD candidate, we can investigate mechanisms to have only one sDCI size to be monitored either by aligning different sDCI sizes or by separating BD candidates between different sDCI sizes.

Proposal 3: Mechanisms to restrict the number of required BDs in sPDCCH should be further considered. Possible approaches include aligning sDCI sizes via padding or separation of BD candidates per different sDCI size.
3. Conclusion
In this contribution, we discussed some issues related to search space in sPDCCH for latency reduction.

Observation 1: Blind decoding candidates in PDCCH region can be split into two parts and each of which is utilized for DCI and sDCI, respectively.
Observation 2: Payload size alignment between sDCI and DCI with inserting indication field or assigning additional RNTI can be considered.
Proposal 1: eCA-like approach can be reused for the configuration of BD candidates for sPDCCH.
Proposal 2: Blind decoding candidates in PDCCH region can be split into two parts and each of which is utilized for DCI and sDCI, respectively.
Proposal 3: Mechanisms to restrict the number of required BDs in sPDCCH should be further considered. Possible approaches include aligning sDCI sizes via padding or separation of BD candidates per different sDCI size.
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