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1 Introduction 
In RAN#67, the study item on “Study on Latency reduction techniques for LTE” was approved [1] . The following areas are to be studied in RAN1.

· 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 signaling 

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier).
In this contribution, we discuss the design of DL channels, i.e. sPDCCH and sPDSCH for shortened TTI.
2 Design of sPDCCH
2.1 Time-frequency resource configuration for sPDCCH

Current specification supports PDCCH, EPDCCH and MPDCCH. PDCCH occupied the whole system bandwidth and locates in the beginning a few OFDM symbols in a subframe. EPDCCH and MPDCCH occupies all OFDM symbols in a subframe other than those used for PDCCH, and is confined within a set of configured PRBs. In order to harvest the benefits of reduced latency due to shortened TTI, it is necessary that a new control channel sPDCCH is designed and present in each sTTI.
Within an sTTI, the sPDCCH can be TDMed or FDMed with the data channel, i.e. sPDSCH. In order to allow the UE to decode the sPDCCH as fast as possible, it is preferable to place the sPDCCH in the beginning of an sTTI. Given that the number of OFDM symbols in an sTTI may be limited, pure TDM between sPDCCH and sPDSCH in an sTTI may lead to significant DL control overhead. Therefore, it should be allowed to have sPDCCH and sPDSCH transmitted in the same OFDM symbol. Figure 1 shows an example of the considered sPDCCH and sPDSCH multiplexing in an sTTI, using sTTI duration of 3 or 4 OFDM symbols as an example. The time-frequency resource for sPDCCH can be configured by higher layers, either on a UE specific basis or on a cell specific basis.
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Figure 1: Multiplexing of sPDCCH and sPDSCH in an sTTI
Proposal 1: sPDCCH locates in the beginning of an sTTI.

Proposal 2: sPDCCH and sPDSCH can be present in the same OFDM symbol.

Proposal 3: Higher layer configures the time-frequency resource for sPDCCH on a UE specific or cell specific basis.
2.2 Search space for sPDCCH

sPDCCH search space needs to be defined for the UE to properly detect the DL control information. The search space of legacy PDCCH is defined using CCEs with different aggregation levels. Each CCE consists of 9 REGs and each REG consists of 4 REs. Therefore, one legacy PDCCH consists of at least 36REs. It is desirable that one sPDCCH also consists of approximately 36REs such that the coverage of sPDCCH can be comparable to that of PDCCH.
sPDCCH can then comprise one or several sCCEs, i.e. different aggregation levels. One sCCEs comprises approximately 36REs. One sCCEs can be mapped to three sREGs, and each sREG consists of 12 consecutive REs in one OFDM symbol. Then each sREG is mapped to one PRB in the time-frequency resource configured for sPDCCH. Figure 2 shows an example of the proposed sPDCCH.
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Figure 2: Proposed sPDCCH structure

The three sREG in an sCCE can be mapped continuously or distributed onto the time-frequency resource configured for sPDCCH, as shown in Figure 3.  


[image: image3]
Figure 3: Mapping of sREGs in an sCCE to REs

The set of aggregation levels supported by sPDCCH needs to be further studied. Assuming the DCI size for sTTI operation is on a similar level as legacy TTI, it is desirable to support aggregation level 8 for sPDCCH. This would provide similar DL control coverage for sPDCCH and PDCCH. Furthermore, the number of decoding candidate for each supported sPDCCH aggregation level also needs further study. In general, it is desirable to maintain similar number of sPDCCH blind decoding attempt in 1ms as that of PDCCH.

Proposal 4: One sPDCCH consists of one or more sCCEs, one sCCE consists of 3 sREGs, and each sREG consists of 12 REs mapped to one PRB in the time-frequency resource configured for sPDCCH.

Proposal 5: The supported sPDCCH aggregation levels and number of sPDCCH decoding candidates for each sPDCCH aggregation levels need further study. 
2.3 Demodulation reference signal for sPDCCH

Both common reference signals and UE specific reference signals can be used as demodulation reference signals for sPDCCH. 

Using legacy CRS as the DMRS for sPDCCH is straightforward, which does not require new DMRS design and additional DMRS overhead. Note that using legacy CRS for sPDCCH demodulation may require the UE to perform channel estimation using CRS in the previous subframes, in order to obtain sufficiently reliable channel estimates. 

Legacy UE specific DMRS is not suitable for sPDCCH if the duration of sTTI is less than 0.5ms. Therefore, new UE specific DMRS is required if sPDCCH demodulation is based on UE specific DMRS. The new UE specific DMRS would further increase the L1 overhead.
Proposal 6: Prioritize legacy CRS as the demodulation reference signals for sPDCCH.

3 Design of sPDSCH
3.1 Transmission scheme for sPDSCH
Two types of transmission schemes are supported for PDSCH, i.e. based on common reference signal or UE specific reference signal. The discussion and analysis on demodulation reference signal for sPDSCH is similar to that of sPDCCH. Overall, it is preferable to prioritize CRS based transmission for sPDSCH.

Proposal 7: Prioritize CRS based transmission scheme for sPDSCH.

3.2 Multi-sTTI scheduling for sPDSCH
In order to reduce the sPDCCH overhead, it is beneficial to consider multi-sTTI scheduling, i.e. one sPDCCH schedules sPDSCH transmission in multiple sTTIs. Two possible sPDSCH transmission methods exist for multi-sTTI scheduling. 

· Alt1: Separate sPDSCH TB in each of the multiple sTTIs scheduled by the single sPDCCH

· Alt2: Joint sPDSCH TB across all the multiple sTTIs scheduled by the single sPDCCH

With Alt1, individual TBs are transmitted in the multiple sTTI. These TBs should correspond to different HARQ processes. Therefore, further study is needed on whether the DCI fields of HARQ process ID, NDI, RV should be present for each of the HARQ processes. It is likely that the corresponding DCI size will increase compared to single TTI scheduling. Furthermore, larger L2/3 header overhead may occur with Alt1 when compared to Alt2. The advantage of Alt1 is that HARQ-ACK for the sPDSCH in an sTTI may be fed back as soon as the decoding of the sPDSCH in the sTTI is completed, which contributes also to the overall latency reduction. Retransmission efficiency is also higher with Alt1 since only the incorrectly decoded TB in an sTTI needs to be retransmitted.
Proposal 8: Multi-sTTI scheduling is supported for sPDSCH transmission. Further study whether separate sPDSCH TB or a joint sPDSCH TB is transmitted in the multiple sTTIs. 
3.3 TBS determination for sPDSCH

For the sPDSCH transmitted in an sTTI, the number of REs available for sPDSCH transmission can be significantly smaller. TBS scaling similar to PDSCH transmission in DwPTS but with a different scaling factor can be considered for TBS determination for sPDSCH transmitted in an sTTI.
If a single sPDSCH can be transmitted in multiple sTTI, it is preferable that the duration of the multiple sTTIs do not exceed 1ms, to avoid new TBS table designs.
Proposal 9: TBS scaling can be considered for TBS determination of sPDSCH transmitted in an sTTI. 

4 Conclusions
In this contribution, we discuss the design of DL channels for shortened TTI. The following proposals are provided: 
Proposal 1: sPDCCH locates in the beginning of an sTTI.

Proposal 2: sPDCCH and sPDSCH can be present in the same OFDM symbol.

Proposal 3: Higher layer configures the time-frequency resource for sPDCCH on a UE specific or cell specific basis.
Proposal 4: One sPDCCH consists of one or more sCCEs, one sCCE consists of 3 sREGs, and each sREG consists of 12 REs mapped to one PRB in the time-frequency resource configured for sPDCCH.

Proposal 5: The supported sPDCCH aggregation levels and number of sPDCCH decoding candidates for each sPDCCH aggregation levels need further study. 
Proposal 6: Prioritize legacy CRS as the demodulation reference signals for sPDCCH.

Proposal 7: Prioritize CRS based transmission scheme for sPDSCH.

Proposal 8: Multi-sTTI scheduling is supported for sPDSCH transmission. Further study whether separate sPDSCH TB or a joint sPDSCH TB is transmitted in the multiple sTTIs. 

Proposal 9: TBS scaling can be considered for TBS determination of sPDSCH transmitted in an sTTI. 
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