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1 Introduction 
In RAN#67, the SI “Study on Latency reduction techniques for LTE” was approved [1] . At RAN1#84b, the DL channel design for shortened TTI was discussed including both sPDCCH and sPDSCH [2].
For sPDCCH, the following agreement and working assumptions were reached 
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. 

For sPDCSCH, the following agreements were reached
Agreements:

· Both CRS based TMs and DMRS based TMs are recommended to be supported for DL sTTI transmission

· No change for CRS definition

· FFS: Supporting more than 2 layers for sPDSCHs

· Further study is needed about DMRS design(s) for sPDSCH demodulation

· For a certain TTI length, increased PRB bundling sizes may be necessary to achieve sufficient channel estimation accuracy. 

· FFS: the number of DMRS antenna ports that can be supported for a given short-TTI length.

· For a certain TTI length, new DMRS design(s) may be needed

Agreements:

· A UE is expected to handle the following cases in the same carrier in a subframe 

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)

· FFS between:

· Alt 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier

· Alt 2: If the UE is scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier, then it may skip the decoding of one of them (FFS rules for determining which one)

· Alt 3: A UE is expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier

· FFS UE behaviour in case of being scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously with legacy TTI non-unicast PDSCH (except FFS for SC-PTM) on the same carrier 

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or (depends on outcome of FFS above) short TTI PDSCH unicast.
In this contribution, we discuss some remaining details for sPDCCH and sPDSCH.
2 Design of sPDCCH
2.1 Time-frequency resource configuration for sPDCCH

It was agreed that sPDCCH  needs to be introduced for short TTI and each short TTI on DL may contain sPDCCH decoding candidates. Moreover, both CRS-based and DMRS-based sPDCCH will be supported for the short TTI if the working assumption can be confirmed. sPDCCH can be either TDMed or FDMed with the data channel, i.e. sPDSCH. In order to allow the UE to decode the sPDCCH as soon as possible, it is preferable to place the CRS-based sPDCCH in the beginning of an sTTI. Given that the number of OFDM symbols in an sTTI may be limited, pure TDM between CRS-based sPDCCH and sPDSCH in an sTTI lead to significant DL control overhead. Therefore it is preferable to transmit the CRS-based sPDCCH and sPDSCH in the same OFDM symbol. For the DMRS-based sPDCCH, it is preferable to place the DMRS-based sPDCCH in a subband across the whole shortened TTI which is similar to the legacy EPDCCH and  it’s better that the DMRS-based sPDCCH and sPDSCH use the same DMRS for demodulation for overhead reduction. Figure 1 shows an example of the considered CRS-based sPDCCH, DMRS-based 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: CRS-based sPDCCH is located in the beginning of an sTTI and can be in the same OFDM symbol with sPDSCH.

Proposal 2: DMRS-based sPDCCH is located in a subband across the whole sTTI and its associated sPDSCH reuses the DMRS of sPDCCH for demodulation.

Proposal 3: The time-frequency resource for sPDCCH is configured by higher layer signaling on either UE specific or cell specific basis.
2.2 Search space for sPDCCH

sPDCCH search space needs to be defined in order for the UE to properly detect the DL control information. The search space of legacy PDCCH is defined on basis of 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 its coverage is comparable to that of PDCCH.
sPDCCH can comprise one or several sCCEs at 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. 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 of 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 to 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 Unused CCEs in the search space
Considering that UEs configured with sTTI will be scheduled dynamically, there is possibility that some of the CCEs may not actually be used by sPDCCH, e.g. in case there is no data to transmit or a lower sCCE aggregation level is used for sPDCCH. The REs mapped to the unoccupied CCEs will be a big waste if these REs are always reserved for sPDCCH, considering the number of REs in a sTTI is much smaller than the number of REs in a legacy TTI.  Therefore the overhead of sPDCCH will be reduced if the unoccupied REs in the search space can be used to transmit data. One way is to add an indicator in the DCI to indicate these unoccupied REs in the search space of sPDCCH can be used to transmit data. 
Proposal 6: The unused REs in the search space of sPDCCH can be utilized to transmit sPDSCH.

3 Design of sPDSCH
3.1 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. There are two possible sPDSCH transmission methods 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. 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 be larger than 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 also helps to reduce latency. Retransmission efficiency is also higher with Alt1 since only the incorrectly decoded TB in an sTTI needs to be retransmitted.
Proposal 7: 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. 
3.2 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 in order to avoid new TBS table design.
Proposal 8: 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: CRS-based sPDCCH is located in the beginning of an sTTI and can be in the same OFDM symbol with sPDSCH.

Proposal 2: DMRS-based sPDCCH is located in a subband across the whole sTTI and its associated sPDSCH reuses the DMRS of sPDCCH for demodulation.

Proposal 3: The time-frequency resource for sPDCCH is configured by higher layer signaling on either 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: The unused REs in the search space of sPDCCH can be utilized to transmit sPDSCH.

Proposal 7: 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 8: TBS scaling can be considered for TBS determination of sPDSCH transmitted in an sTTI. 
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