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Introduction
In RAN1#84 and 84bis, several agreements were reached including that the control channel for short TTI (sPDCCH) needs to be introduced where each short TTI in the downlink transmission may contain decoding candidates for sPDCCH. In addition, Two-stage sPDCCH for overhead reduction has been discussed and it was agreed to study it until next meeting of RAN1#85. The related agreements are captured here for convenience as follows:
Agreements:
· Following design assumptions are used for the study
· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier
· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features
Agreements:
· In this study, following aspects are assumed in RAN1
· PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified.
· Following aspects are further studied in the next RAN1 meeting
· Note: But the study is not limited to them
· Design of sPUSCH DM-RS
· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe
· Alt.2: DM-RS contained in each sPUSCH
· HARQ for sPUSCH
· Whether/how to realize asynchronous and/or synchronous HARQ
· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case
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 provide the details of Two-stage control channel design in order to reduce the overhead of the control information for fast short TTI (sTTI) scheduling.  

CRS-based and DMRS-based sPDCCH
As it is agreed in the last meeting, CRS-based and DMRS-based sPDCCH should be introduced for short TTI (sTTI) for latency reduction purpose. In practice, it can be assumed that CRS-based sPDCCH will be non-beamformed (BF) transmission which can be used in some scenarios where wide area coverage is required, while DMRS-based sPDCCH will be beamformed in UE specific manner based on CSI feedback. Hence, our thinking is that the design principle for sPDCCH should be similar to legacy LTE system where the transmission is TM mode dependant: a TM mode where CRS is used for demodulating the sPDCCH/sPDSCH and another TM mode where DMRS is used for demodulating the sPDCCH/sPDSCH.
Proposal 1: Two TM modes are supported for sPDCCH, a TM mode where CRS is used for demodulating the sPDCCH/sPDSCH and another TM mode where DMRS is used for demodulating the sPDCCH/sPDSCH.
It should be noted that there is always legacy PDCCH which UE will support in case of receiving e.g. PBCH, Random access, SIB and Paging procedures or when UE is not configured for latency reduction feature. The legacy PDCCH should also be used for configuring the CRS-based TM mode or DMRS-based TM mode for sTTI transmission.   
The CRS-based sPDCCH can be transmitted in both legacy PDCCH region and in-band region (i.e. embedded into the scheduled sPDSCH resources) depending on the location of sTTI within the subframe. For example with sTTI length of 7-OFDM symbols, it should be possible to transmit sPDCCH in the legacy PDCCH region when sPDSCH locates in the first slot of the subframe. In addition, when sPDSCH locates in the second slot of the subframe, the CRS-based sPDCCH should also be transmitted at the beginning of the second slot. However, the DMR-based sPDCCH could be embedded into the scheduled resources of sPDSCH depending on the location of sTTI within the subframe.

Details of Two-stage sPDCCH  
As discussed in the last meeting, two-stage sPDCCH (i.e. two-stage DCI formats) is beneficial in order to reduce the overhead of the control information for fast sTTI scheduling. The control information can be divided into two types: a slow changing information carried by “Slow-DCI” format and fast changing information carried by “Fast-DCI” format. The information in Slow-DCI should be valid for one or more legacy subframes and should be transmitted in the legacy PDCCH region. 
In our view, the scheduling information should be obtained from the combination of the Slow-DCI and Fast-DCI contents. However, the information in Fast-DCI should be valid only for one sTTI which can be configured in either CRS-based mode or DMRS-based mode as discussed in the previous section.
Proposal 2: For the Two-stage DCI formats, the scheduling information for the UE should be obtained from the combination of the Slow-DCI and Fast-DCI contents.
For the overhead analysis, let’s take an example for legacy DCI format 2 that had the following contents:
- Carrier indicator = 3 bits. 
- Resource allocation header (resource allocation type 0 / type 1) = 1 bit.
- Resource block assignment: =25bits
- TPC command for PUCCH =2 bits
- HARQ process number = 3 bits
- Transport block to codeword swap flag =1 bit
-For transport block 1: 
- Modulation and coding scheme =5 bits
- New data indicator = 1 bit
- Redundancy version = 2 bits
-For transport block 2:
- Modulation and coding scheme = 5 bits
- New data indicator = 1 bit
- Redundancy version = 2 bits
- Precoding information = 6bits (max)
Total ~57 bits.

[bookmark: _GoBack]If the above legacy DCI format is used for sTTI scheduling, then it will be transmitted in every sTTI scheduling point. However, as shown the example in Table 1, if the same DCI format is divided into two parts, a Slow-DCI and Fast-DCI formats where the Slow-DCI format is valid for one or more subframes and Fast-DCI formats is transmitted in every short TTI, the overall overhead is significantly reduced. Let’s assume that the sTTI can be scheduled about five times at maximum in the legacy subframe, then the overhead for legacy DCI format 2 will be (57+16CRC)*5 = 365bits while Two-stage DCI formats will be (50+16CRC) + (14+16CRC)*5 = 216 bits, that is approximately 40% overhead reduction. Furthermore, there is an additional overhead reduction when Slow-DCI format is valid for a period of more than one subframe.

Table 1. Example of DCI format 2 is divided into Slow-DCI and Fast-DCI formats:
[image: ]

As can be seen from the above example, the Slow-DCI format contains some control information such as resource allocation and precoding information which may not be possible to be shared among multiple UEs, hence, in our view, both Slow-DCI and Fast-DCI formats should be a UE-specific when transmitted in USS space. 

Proposal 3: Both Slow-DCI and Fast-DCI formats should be UE-specific when transmitted in UE-Specific search spaces.

Conclusion
In this contribution, we have provided some details of Two-stage control channel in order to reduce the overhead of the control information for latency reduction and we have the following proposals:
Proposal 1: Two TM modes are supported for sPDCCH, a TM mode where CRS is used for demodulating the sPDCCH/sPDSCH and another TM mode where DMRS is used for demodulating the sPDCCH/sPDSCH.
Proposal 2: For the Two-stage DCI formats, the scheduling information for the UE should be obtained from the combination of the Slow-DCI and Fast-DCI contents.
Proposal 3: Both Slow-DCI and Fast-DCI formats should be UE-specific when transmitted in UE-Specific search spaces.


References
1) Chairman’s Notes RAN1_84bis-final
2) Chairman’s Notes RAN1_84-final
3) RP-150465, ‘New SI proposal: Study on Latency reduction techniques for LTE’, Ericsson, Huawei. 
4) R1-163323, “Downlink control signaling design for short TTI”, Ericsson - RAN1#84bis
5) R1-162588, “DCI design for short TTI”, Huawei, HiSilicon - RAN1#84bis




4

image1.emf
Slow-DCI format:

- Carrier indicator = 3bits 

- Resource allocation header = 1bit

- Resource block assignment = 25bits

- TPC command for PUCCH = 2bits

- For transport block 1: MCS =  5bits

- For transport block 2: MCS= 5bits

- TTI length =  2bits (max)

- Resource/Aggregation indication for Fast-DCI =1bit

- Precoding information =  6bits (max)



Fast-DCI format:

- HARQ process number =  3 bits

- Transport block to codeword swap flag = 1 bit

-For transport block 1: delta MCS =  2bits

   - New data indicator   =  1 bit

   - Redundancy version = 2 bits

- For transport block 2: delta MCS = 2bits

   - New data indicator   = 1 bit

   - Redundancy version = 2 bits



             ~ 50bits               ~ 14bits


