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1 Introduction

In RAN#73, updated WI on shortened TTI and processing time for LTE was approved [1]. Based on [1], RAN1 should specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH and support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH. Among objectives of the WI, following objectives should be focused and completed by RAN#76.

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

In RAN1#86, following agreements were made regarding on PDCCH/sPDCCH and DL sTTI [2].

	Agreements:
· 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. 

Agreements:
· The DL sTTI length of a UE is indicated by eNB

· FFS details of configuration (based on RRC or PDCCH)


In this contribution, we provide our views on DCI related to sTTI operation and design of sPDCCH.
2 Search space for sPDSCH/sPUSCH scheduling
2.1 Downlink sTTI structure
· 1-slot sTTI

For 1-slot sTTI structure, each slot can compose a sTTI. In other words, sTTI #0 and #1 in a subframe consists of OFDM symbol #0~#6 and #7~#13 respectively.

· 2-symbol sTTI
In terms of downlink sTTI boundary with 2 OFDM symbols within a subframe, we are considering following two options. 
The first option depicted in Figure 1-(a) is to allocate sTTI every two OFDM symbols. Then there exist 7 sTTIs within a subframe. This option has a benefit that all OFDM symbols within subframe are associated in sTTI regardless of legacy control region length. In addition, if downlink control channel for the first sTTI after the legacy control region is replaced by legacy PDCCH, it can reduce control overhead especially for sTTI which is invaded by legacy control region (i.e., sTTI #0 for 1-symbol legacy control region and sTTI #1 for 3-symbol legacy control region). However, multiplexing issue between 2-symbol sTTI and 1-slot sTTI in a subframe can be issued in this option. In other words, scheduling of 1-slot sTTI and 2-symbol sTTI in sTTI #3 can be restricted since sTTI boundary of 1-slot sTTI is located in the center of sTTI #3 of 2-symbol sTTI, 
To make it easy to multiplex of 2-symbol sTTI and 1-slot sTTI, we can consider another option for 2-symbol sTTI boundary which is aligned with 1-slot sTTI boundary as shown in Figure 1-(b). In this option, there are 6 sTTIs within a subframe, and the first OFDM symbol in each slot are not utilized for sTTI composition. Similar to the first option, downlink control channel for the first sTTI after the legacy control region can be transmitted in legacy PDCCH. In addition, sPDCCH for the first sTTI in the second slot (i.e., sTTI #3) can be transmitted in the first OFDM symbol in the second slot (i.e., OFDM symbol #7). Otherwise, the first OFDM symbol in the second slot can be included in sTTI #3.
In both of two options, if there exists a sTTI which is fully occupied by legacy control region, the sTTI cannot be utilized for sPDSCH transmission.

Proposal 1: Downlink sTTI structure for 2-symbol sTTI in Figure 1-(a) or 1-(b) is adopted.
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Figure 1. Examples of sTTI boundary with 2 OFDM symbols
2.2 Legacy PDCCH utilization for sTTI scheduling
As mentioned in the previous sub-section, to minimize unnecessary overhead to transmit sPDCCH, legacy PDCCH can replace the first sPDCCH of the subframe instead of transmitting sPDCCH in each sTTI. 
To transmit DL assignment/UL grant for sTTI using legacy PDCCH, DCI for data scheduling on sTTI should be distinguishable from DCI for data scheduling on legacy TTI. For this purpose, different DCI format or length can be applied to DL assignment/UL grant for sTTI, but UE blind decoding complexity should be considered in this case. For another solution, for PDCCH schedules data on sTTI, separated C-RNTI can be used. It also can be considered to separate decoding candidates for sTTI scheduling and legacy TTI.
To utilize legacy PDCCH for data scheduling on sTTI, the latency to decode legacy PDCCH should be considered. Since there are lots of decoding candidates in legacy PDCCH, too much decoding time can be consumed to receive/transmit sPDSCH/sPUSCH in time. Therefore, to receive legacy PDCCH for sTTI scheduling without latency problem, it would be desirable to allocate DL assignment/UL grant for sTTI scheduling to low decoding candidate index. Then, a UE can try to decode decoding candidates for DL assignment/UL grant for sTTI scheduling prior to DL assignment/UL grant for legacy TTI scheduling.
Proposal 2: sPDCCH for the first sTTI after the legacy control region is replaced by legacy PDCCH.
2.3 The number of blind decoding
The number of blind decoding for sPDCCH reception also needs to be discussed to reduce sPDCCH decoding latency. Since the time to decode sPDCCH should be reduced compared to legacy PDCCH at least for 2-symbol sTTI, the total number of decoding candidates in sPDCCH search space should be reduced. Additionally, following schemes can be considered for sPDCCH search space.
· In legacy PDCCH UE-specific space, PDCCH can be transmitted using DCI format 1A or X in each decoding candidate. Therefore, the total number of BD becomes double of the number of decoding candidates. To reduce BD number in sPDCCH search space, it is assumed that UE should monitor only one DCI format in sPDCCH search space. In this case, DCI for fallback can be monitored in the legacy PDCCH.
· Not to increase BD number of sPDCCH, the length of DL assignment and UL grant is desirable to be same regardless of DCI format or transmission scheme. 
· If a UE should monitor 4 ALs in sPDCCH search space as in PDCCH or EPDCCH, it would be challenging to reduce the number of decoding candidates dramatically. Instead, if a UE monitors only one or two ALs for sPDCCH, the number of decoding candidate can be reduced naturally. The AL or the set of AL for sPDCCH monitoring can be configured by RRC or legacy PDCCH.
Proposal 3: Total number of blind decoding for each sPDCCH search space is reduced. The number of decoding candidates to be monitored, DCI format/length, and aggregation levels can be reduced.
3 Single-level DCI and two-level DCI

During the study item phase, several views on single and two-level DCI transmission were provided and discussed. In this section, some options on single-level and two-level DCI transmission are discussed. 

· Option (A): Data scheduling via two-level DCI (“Slow DCI” and “Fast DCI”)
In this option, scheduling information of data is separated into two DCIs, and these two DCIs are transmitted as slow DCI and fast DCI. Slow DCI and fast DCI can be transmitted via legacy PDCCH and sPDCCH respectively. Then, a UE can obtain scheduling information of data using a combination of slow DCI and fast DCI. A benefit of this option is that DCI overhead can be reduced, since a UE receives only one slow DCI within some period if the UE is scheduled with multiple sPDSCHs and/or sPUSCHs within the period. It can be considered to include additional information such as sTTI or sPDCCH resource information in the slow DCI, but it would reduce the benefit of overhead reduction. Since a UE should successfully detect both DCIs to obtain scheduling information, this option may have reliability issue. If a UE fails to detect a slow DCI, the UE could not receive data until obtain new slow DCI. Also, for the first sTTI, the number of OFDM symbols except legacy control region can be one depends on the length of legacy control region. Then, control overhead issue can be raised especially for the first sTTI in the subframe in this option when the first sTTI has only one available OFDM symbol with 2-symbol sTTI. Furthermore, another problem can be raised in this option is that eNB cannot schedule data to a UE immediately when it arrives, since both of slow DCI and fast DCI for the receiver UE should be transmitted.  
· Option (B): Data scheduling via single level DCI
· Option (B-1): Single level DCI can be scheduled via legacy PDCCH

In Option (B-1), data scheduling for sTTI can be transmitted using legacy PDCCH or sPDCCH. 

This option includes the proposal in Section 2.2. DL assignment and UL grant for sTTI is transmitted as single DCI, but the container can be legacy PDCCH or sPDCCH. Legacy PDCCH is used for the first sTTI after the legacy control region to reduce control overhead. For other sTTIs, sPDCCH which is transmitted within each sTTI is used. To reduce additional control overhead, multi-sTTI scheduling can be considered. When we consider TCP traffic, multiple sPDSCHs/sPUSCHs can be scheduled to an UE. If a DCI schedules sPDSCHs/sPUSCHs for multiple sTTIs, the DCI needs to include information of data scheduled sTTIs but control overhead reduction effect can be obtained.
For the other data scheduling scheme considerable in this option, sPDSCHs/sPUSCHs for multiple sTTIs can be scheduled by legacy PDCCH similar to SPS. In addition, sPDCCH also can schedule sPDSCH/sPUSCH for a sTTI. If a sPDSCH scheduled by legacy PDCCH and a sPDSCH scheduled by sPDCCH are overlapped within a sTTI, scheduling information from sPDCCH overrides scheduling information obtained from legacy PDCCH. If this option is applied, the effect of DCI overhead reduction can be achieved when multiple sPDSCHs/sPUSCHs needs to be scheduled to an UE.

· Option (B-2): Single level DCI can be only scheduled via sPDCCH
In Option (B-2), only sPDCCH transmitted in sTTI region schedules data in sTTI. Similar to Option (A), since every sTTI can include sPDCCH, control overhead can be issued when the number of OFDM symbol number for the first sTTI in the subframe becomes one. To reduce control overhead, multi-sTTI scheduling can be adopted.
For every option discussed above, additional information to transmit control and data channel via sTTI can be delivered by legacy PDCCH. For example, time/frequency resource of sTTI or sPDCCH resource allocation or transmission scheme for sPDCCH transmission might be configured to UE. If downlink sTTI structure in Figure 1-(b) is adopted, both of legacy PDCCH and sPDCCH in OFDM symbol #7 can be used to transmit these additional information. Considering processing time to detect both legacy PDCCH and sPDCCH, it is necessary to investigate how or when additional information conveyed on PDCCH is applied to sPDCCH transmission in details. 
In Option (A), data scheduling information is obtained by the combination of slow DCI and fast DCI. On the other hand, data scheduling information is delivered by single DCI in other options. In our view, the benefit of overhead reduction in Option (A) seems not clear compared to other overhead reduction schemes in Option (B-1) and (B-2). Also, this can raise other drawbacks such as reliability issue and CRC overhead issue to schedule data. Therefore, we do not prefer to adopt Option (A). Between Option (B-1) and (B-2), when we consider the benefits from utilizing legacy PDCCH, we propose to adopt Option (B-1).

Proposal 4: Single DCI for sTTI data scheduling information is delivered by legacy PDCCH or sPDCCH. In addition, transmission of sPDCCH related information via legacy PDCCH and multi-sTTI scheduling technique for control overhead reduction can be considered.

4 sPDCCH resource
4.1 Time and frequency resource of sPDCCH

In the last meeting, for CRS-based sPDCCH, it was agreed that sPDCCH is transmitted from the first OFDM symbol within an sTTI and frequency resource for sPDCCH can be informed by eNB [2].

To design DMRS-based sPDCCH, same principle to CRS-based sPDCCH can be applied. For multiplexing between ‘sPDCCH and legacy PDSCH’ and/or ‘sPDCCH and sPDCCH, frequency resources for DMRS-based sPDCCH transmission also needs to be restricted and it can be configured by eNB. Also, considering decoding latency issue is sPDCCH, the first one or two OFDM symbol(s) of sTTI can be used to transmit sPDCCH for 2-symbol sTTI. 

Proposal 5: For DMRS-based sPDCCH, sPDCCH is transmitted from the first OFDM symbol within an sTTI.

Proposal 6: For DMRS-based sPDCCH, frequency resource for sPDCCH can be informed by eNB.

4.2 sREG/sCCE/decoding candidate of sPDCCH

In this sub-section, we provide our views on resource mapping unit for sPDCCH for 2-symbol sTTI. 

An easy approach to construct sREG, which is the minimum resource unit for sPDCCH, is to reuse REG concept for legacy PDCCH. In this case consecutive 4 REs in frequency domain except CRS REs compose a sREG. Then, distributed sREGs within sPDCCH time/frequency resource compose a sCCE. This design is suit to legacy PDCCH which does not share OFDM symbol resource with sPDSCH. Unlike legacy PDCCH, within sTTI, unused resource for sPDCCH transmission in sPDCCH OFDM symbol needs to be utilized for sPDSCH transmission. However, since a sREG occupies a part of 12 REs within a PRB in this design, it seems not suit to multiplex sPDCCH with sPDSCH within an OFDM symbol.

Instead, we propose to construct a sREG using consecutive 12 REs within an OFDM symbol as shown in Figure 2. In this case, CRS REs are also included in 12 REs composing a sREG, but these REs would not be used for sPDCCH transmission. Same sREG concept also can be used for DMRS based sPDCCH. In this case, sPDCCH transmission would be rate-matched in DMRS REs. Then, a sCCE consists of multiple sREGs (e.g., 3 sREGs). Both of localized and distributed sREG mapping for sCCE construction need to be further investigated. 
A sREG using consecutive 6 REs within an OFDM symbol can be another design. In this approach, there are 2 sREGs in a PRB. Both of these two sREGs can be used to transmit a sPDCCH or associated to different sPDCCH. When two sREGs in the same PRB are used to transmit different sPDCCH, each sREG can be used to transmit DL assignment and UL grant of a UE respectively.
If the small granularity of sREG is not required, defining sCCE without sREG concept can be considered. For example, consecutive or non-consecutive 36 REs within an OFDM symbol can compose a sCCE. Regarding construction of decoding candidate, multiple sCCEs can compose a decoding candidate of sPDCCH depending on aggregation level similar to legacy PDCCH and ePDCCH. This approach has a benefit of sPDCCH and sPDSCH multiplexing within an OFDM symbol, since sPDCCHs cannot be multiplexed within 12 REs within a PRB.

Proposal 7: Consider to compose a sREG using consecutive 12 REs within an OFDM symbol.
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(a) OFDM symbol with CRS REs
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(b) OFDM symbol without CRS REs

Figure 2. An example of sREG composition 
5 Transmission scheme and reference signal

5.1 Transmission scheme
For sPDCCH transmission based on CRS, SFBC transmission scheme with antenna port 0 and 1 can be applied.

In case of sPDCCH transmission based on DMRS, transmission scheme to acquire beamforming gain can be used. However, in some situations, obtaining accurate CSI feedback from UE can be difficult. For this case, other transmission scheme which can achieve diversity gain rather than beamforming gain would be beneficial. For example, distributed transmission scheme of EPDCCH using two antenna ports can be adopted. Otherwise, SFBC transmission can be used even for DMRS based sPDCCH transmission.
In Section 2.2, it is proposed that legacy PDCCH is utilized for the first sPDCCH in the subframe. In this case, CRS based transmission can be applied for the first sPDCCH even if DMRS based transmission is configured for sPDCCH. 
On the other hand, since CRS based sPDCCH cannot be used in MBSFN subframes except the first sPDCCH, DMRS based sPDCCH transmission should be assumed in MBSFN subframes although sPDCCH is transmitted using CRS in other subframes.

Proposal 8: For sPDCCH transmission based on CRS, SFBC transmission with antenna port 0 and 1 are used.
Proposal 9: For sPDCCH transmission based on DMRS, consider transmission scheme to obtain beamforming gain and diversity gain.
5.2 Reference signal
DMRS for sPDCCH also should be allocated in sPDCCH region. In case of 1-slot sTTI, legacy DMRS pattern in second slot can be reused. For 2-symbol sTTI, DMRS for sPDCCH needs to be re-designed and some examples of DMRS pattern for sPDCCH are illustrated in Figure 3 and 4. 
In Figure 3, an example of DMRS pattern with single antenna port is shown. In this example, there are two DMRS REs per PRB with 6 REs interval. If multiple sPDCCHs are not multiplexed within a PRB, DMRS transmission only for single antenna port is enough and it can minimize DMRS overhead.

DMRS with two antenna ports could be designed to multiplex of multiple sPDCCHs within a PRB or transmit sPDCCH using two antenna ports. DMRS pattern examples for two antenna ports are shown in Figure 4. As shown in Figure 4-(a), DMRS REs for two antenna ports can be FDMed. Or, DMRS of two antenna ports can be CDMed within two adjacent DMRS REs as shown in Figure 4-(b).
Proposal 10: DMRS for sPDCCH is defined in the first OFDM symbol within sTTI.
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(a) FDMed DMRS for two APs                                      (b) CDMed DMRS for two APs
Figure 4. Examples of sPDCCH DMRS with two antenna ports
6 Conclusion 

In this contribution, we discuss about sPDCCH for latency reduction. Based on the discussion, we obtained following proposals.
Proposal 1: Downlink sTTI structure for 2-symbol sTTI in Figure 1-(a) or 1-(b) is adopted.
Proposal 2: sPDCCH for the first sTTI after the legacy control region is replaced by legacy PDCCH.
Proposal 3: Total number of blind decoding for each sPDCCH search space is reduced. The number of monitored decoding candidates, DCI format/length, and aggregation levels can be reduced.
Proposal 4: Single DCI for sTTI data scheduling information is delivered by legacy PDCCH or sPDCCH. In addition, transmission of sPDCCH related information via legacy PDCCH and multi-sTTI scheduling technique for control overhead reduction can be considered.

Proposal 5: For DMRS-based sPDCCH, sPDCCH is transmitted from the first OFDM symbol within an sTTI.

Proposal 6: For DMRS-based sPDCCH, frequency resource for sPDCCH can be informed by eNB.

Proposal 7: Consider to compose a sREG using consecutive 12 REs within an OFDM symbol.
Proposal 8: For sPDCCH transmission based on CRS, SFBC transmission with antenna port 0 and 1 are used.

Proposal 9: For sPDCCH transmission based on DMRS, consider transmission scheme to obtain beamforming gain and diversity gain.
Proposal 10: DMRS for sPDCCH is defined in the first OFDM symbol within sTTI.
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