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1 Introduction

In RAN#67, SI on latency reduction techniques for LTE was approved [1]. Based on [1], RAN1 should assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signalling while keeping backward compatibility.
In the last meeting, following agreements were made regarding sPDCCH [2].
	Working Assumption: 

· 1-OFDM-symbol sTTI length will not be further studied

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.


In this contribution, we discuss about DCI and sPDCCH for latency reduction.
2 DCI transmission for latency reduction
In the last meeting, several views on single/two-level DCI transmission were provided and discussed. In this section, some options on DCI transmission details are discussed. 
· Option (A): Separation of data scheduling information into “Slow DCI” and “Fast DCI”
In this option, scheduling information of data is separated into two DCIs, and each DCI is transmitted as slow DCI and fast DCI 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 succeed to receive both DCIs to obtain scheduling information, this option may occur reliability issue. If a UE fail to decode a slow DCI, the UE could not receive data until obtain new slow DCI. 
· Option (B): Data scheduling via “Slow DCI” + Data scheduling via “Fast DCI”
In Option (B), sPDSCHs/sPUSCHs for multiple sTTIs can be scheduled by slow DCI similar to SPS. In addition, fast DCI also can schedule sPDSCH/sPUSCH for a sTTI. If a sPDSCH scheduled by slow DCI and a sPDSCH scheduled by fast DCI are overlapped within a sTTI, scheduling information of fast DCI overrides slow DCI. 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 (C): sPDCCH/sTTI related information via “Slow DCI” + Data scheduling via “Fast DCI”
For latency reduction, additional information to transmit control and data channel via sTTI could be required. For example, time/frequency resource of sTTI or sPDCCH resource allocation or transmission scheme for sPDCCH transmission might be configured to UE. In this option, slow DCI is used to deliver these additional information instead of conveying partial or full scheduling information of data. Then, scheduling information of data is included in fast DCI only. In this option, DCI overhead reduction schemes such as multi-sTTI scheduling using a fast DCI similar to Option (D) can be applied.
· Option (D): Single DCI transmission

In Option (D), without slow DCI, only fast DCI schedules data in sTTI. In this option, multi-sTTI scheduling can be adopted to reduce DCI overhead. 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 DCI overhead reduction effect can be obtained.
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), (C), and (D). Also, Option (A) can raise other drawbacks such as reliability issue and CRC overhead issue to schedule data. Therefore, we do not prefer to adopt this option, and Option (C) or Option (D) seems simple and enough for data scheduling in sTTI.
Proposal 1: Data scheduling information is delivered by single DCI. In addition, transmission of sPDCCH related information via legacy PDCCH and multi-sTTI scheduling technique for DCI overhead reduction can be considered.

3 sPDCCH resource
3.1 Frequency resource of sPDCCH

To discuss frequency-domain resource of sPDCCH, we evaluated the performance of sPDCCH for two types of frequency resource in the last meeting [3]. In the contribution, we evaluated two PRB mapping options, one is localized PRB resource mapping and the other one is distributed PRB resource mapping. PRBs for sPDCCH are localized in localized PRB mapping, whereas sPDCCH PRBs are distributed within a system bandwidth in distributed PRB mapping.
Comparing the performance of localized PRB mapping and distributed PRB mapping, we observe that frequency diversity gain can be obtained using distributed PRB mapping compared to localized PRB mapping. 

If we consider multiplexing aspects between ‘sPDCCH and legacy PDSCH’ and/or ‘sPDCCH and sPDCCH, PRB resources for sPDCCH transmission needs to be restricted. Even if distributed PRB resource can obtain diversity gain, the location of sPDCCH PRB resource needs to be determined considering frequency diversity gain and multiplexing flexibility with other channels. Therefore, to provide eNodeB flexibility, we would suggest that PRB resource for sPDCCH monitoring is configured by eNodeB, and the configuration is UE-specific similar to EPDCCH PRB-set configuration.

Proposal 2: PRB resource for shortened PDCCH should be configurable.
3.2 Time resource of sPDCCH

Since LTE system has the wideband legacy PDCCH region in the first n OFDM symbols, it would be better to fit the first occurring sPDCCH of the every subframe into legacy PDCCH region to minimize unnecessary additional overhead. When sharing legacy PDCCH region between sPDCCH and legacy PDCCH, UE decoding capability needs to be considered as sPDCCH would have tighter decoding latency compared to PDCCH. Furthermore, when both share the same resource, identification on either sPDCCH or PDCCH is also necessary. At least, to share the same resource, it is natural to consider CRS based sPDCCH transmission. Whether to allow sharing between DMRS based sPDCCH and legacy PDCCH needs further investigation in terms of feasibility and benefits.

In other sTTIs which are not overlapped with legacy PDCCH regions, CRS based sPDCCH and DMRS based sPDCCH design can be considered.
Proposal 3: In the first sTTI, consider sharing the same legacy PDCCH region between sPDCCH and PDCCH.  
Regarding OFDM symbol resource of sPDCCH and sPDSCH, it would be more natural to consider TDM, i.e., control will be placed in the first one or two OFDM symbols of each sTTI, to minimize sPDCCH decoding latency. When TDM among sPDCCH and sPDSCH is applied, there are some points need to be further investigated such as multiplexing between sPDCCH and sPDSCH in sPDCCH OFDM symbol(s) and DMRS overhead reduction techniques.
Proposal 4: OFDM symbols for sPDCCH transmission is the first one or two OFDM symbols of each sTTI.
3.3 sREG/sCCE/decoding candidate of sPDCCH

In this sub-section, we provide our views on resource mapping unit for sPDCCH. 
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(s) needs to be utilized for sPDSCH transmission especially when sTTI has a few OFDM symbols. 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 1. 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. If the small granularity of sREG is not required, defining sCCE without sREG concept can be considered. For example, 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 5: Consider to compose a sREG using consecutive 12 REs within an OFDM symbol.
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(a) OFDM symbol with CRS REs
[image: image2.emf]REs composing a sREG

frequency

O

F

D

M

 

s

y

m

b

o

l

RE


(b) OFDM symbol without CRS REs
Figure 1. An example of sREG composition 
4 sPDCCH demodulation reference signal

If sPDCCH region is allocated within the first one or two OFDM symbols within a sTTI, DMRS for sPDCCH also should be allocated in sPDCCH region. Then, some examples of DMRS pattern for sPDCCH are illustrated in Figure 2 and 3 where sPDCCH symbol is the first one OFDM symbol of a sTTI. 
In Figure 2, 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.

On the other hand, if multiplexing of multiple sPDCCHs within a PRB is allowed or sPDCCH is transmitted using two antenna ports (such as distributed ePDCCH transmission), DMRS pattern with two antenna ports needs to be designed. DMRS pattern examples for two antenna ports are shown in Figure 3. As shown in Figure 3.(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 3.(b) to maximize DMRS REs number for each antenna port.
When sPDCCH region consists of two OFDM symbols, DMRS also can be allocated in both OFDM symbols. For example, DMRS pattern for single sPDCCH OFDM symbol can be copied in the second OFDM symbol, or optimized DMRS pattern for sPDCCH two OFDM symbols can be designed separately. On the other hand, even if the number of sPDCCH OFDM symbols is two, DMRS can be allocated in the first OFDM symbol only. It can help to reduce channel estimation latency.
Proposal 6: sPDCCH DMRS pattern needs to be designed considering DMRS overhead and sPDCCH performance.
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Figure 2. An example of sPDCCH DMRS with one antenna port
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(a) FDMed DMRS for two APs                                      (b) CDMed DMRS for two APs
Figure 3. Examples of sPDCCH DMRS with two antenna ports
5 Conclusion 

In this contribution, we discuss about DCI and sPDCCH for latency reduction. Based on the discussion, we obtained following proposals.
Proposal 1: Data scheduling information is delivered by single DCI. In addition, transmission of sPDCCH related information via legacy PDCCH and multi-sTTI scheduling technique for DCI overhead reduction can be considered.

Proposal 2: PRB resource for shortened PDCCH should be configurable.
Proposal 3: In the first sTTI, consider sharing the same legacy PDCCH region between sPDCCH and PDCCH.  

Proposal 4: OFDM symbols for sPDCCH transmission is the first one or two OFDM symbols of each sTTI.
Proposal 5: Consider to compose a sREG using consecutive 12 REs within an OFDM symbol.
Proposal 6: sPDCCH DMRS pattern needs to be designed considering DMRS overhead and sPDCCH performance.
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