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1 Introduction
In RAN1#84, the general designs of latency reduction were discussed with the following agreements:
Agreements:
· Following design assumptions are considered:

· No shortened TTI spans over subframe boundary

· At least for SIBs and paging, PDCCH and legacy PDSCH are used for scheduling

· The potential specific impacts for the followings are studied 

· UE is expected to receive a sPDSCH at least for downlink unicast 

· sPDSCH refers PDSCH carrying data in a short TTI

· UE is expected to receive PDSCH for downlink unicast

· FFS whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously

· FFS: The number of supported short TTIs

· If the number of supported short TTIs is more than one,

· The length of short TTI can be variable

· FFS whether a UE is expected to receive sPDSCHs with different lengths simultaneously

· FFS how to change the length of short TTI for sPDSCH e.g., semi-static vs dynamic, cell-specific vs UE-specific, explicit vs implicit

· TTI length for DL and UL can be different 

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

In this contribution, we show our views on the open issues for latency reduction.
2 Discussion
2.1 Simultaneous reception
From UE perspective, simultaneous reception of multiple PDSCHs with different TTI lengths will lead to additional implement complexity, such as:
· Blind decodes of DL control: The maximum number of blind decodes of DL control may be increased.
· Larger latency for detection: Separated channel estimation, separated decoding and separated feedback may lead to larger latency for multiple PDSCHs.
Therefore, at least for Rel-14 latency reduction, we propose:

Proposal 1: A UE is not expected to receive PDSCHs with different TTI lengths simultaneously.
2.2 The number of supported TTIs
According to the evaluation results, it proves that lower latency can be achieved by shorter TTI with larger overhead of control channel and RS. Therefore, it is beneficial for improving the spectral efficiency if multiple short TTIs are supported for different latency requirements. Furthermore, since the latency requirements for different UEs will be different, the length of short TTI for sPDSCH/sPUSCH should be UE- specific configured.
Proposal 2: Multiple short TTI lengths are supported for Rel-14 latency reduction.

Proposal 3: The length of short TTI for sPDSCH/sPUSCH should be UE- specific configured.

If multiple short TTIs are dynamic changed for a UE, the impact on blind decodes of DL control should be considered:
· Case 1: The DL control channels for different TTI lengths are not overlapped in time domain.
· Case 2: The DL control channels for different TTI lengths are (partially or completely) overlapped in time domain.
For case 2, the maximum number of blind decodes of DL control will be increased. Even for case 1, the maximum number of blind decodes of DL control may be also increased in some time regions. The increased number of blind decodes leads to the performance loss of DCI detection and longer process latency. Therefore, for Rel-14 latency reduction, we propose that at most one short TTI for sPDSCH is configured for a UE.
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Figure 1: Blind decoding of DL control
The same principle should be used to configure the short TTI for sPUSCH. Furthermore, in order to reduce the control channel overhead and the number of blind decodes, when the short TTI lengths for DL and UL are different, no dedicated search space is defined to transmit the UL grant for sPUSCH.
Proposal 4: At most one short TTI for sPDSCH/sPUSCH is configured to a UE.

Proposal 5: When the short TTI lengths for DL and UL are different, no dedicated search space is defined to transmit the UL grant for sPUSCH.
2.3 Multiplexing of PDSCH and sPDSCH
At least for SIBs and paging, PDCCH and legacy PDSCH are used for scheduling. Therefore, normal TTI is always supported by the UE configured with short TTI. When multiple services with different latency requirements are supported for one UE, the highest transmission efficiency can be achieved if normal TTI and short TTI can be dynamically scheduled.
Proposal 6: Normal TTI and short TTI for one UE are dynamically scheduled by the eNB.

When a UE receives the scheduling of a legacy PDSCH/PUSCH and a sPDSCH/sPUSCH in the same time, 

· If the legacy PDSCH scheduled by the DCI scrambled by the SI-RNTI, P-RNTI and RA-RNTI, the UE should receive PDSCH;
· Otherwise, the UE should receive sPDSCH or transmit sPUSCH.
If legacy PDCCH can be used to schedule sPDSCH/sPUSCH, the maximum number of blind decodes in legacy PDCCH should not be increased, therefore:

· The same UE-specific search space should be shared by DCI (used for the scheduling of PDSCH/PUSCH) and sDCI (used for the scheduling of sPDSCH/sPUSCH) for one UE. 
· The length of sDCI should be same as DCI.

· Explicit information to distinguish sDCI and DCI should be introduced.
2.4 Multiplexing of non-sTTI and sTTI UEs
It was agreed that non-sTTI and sTTI can be FDMed in the same subframe in the same carrier. However, in the subframes configured for SPS PDSCH/PUSCH, the frequency resources allocated for SPS PDSCH/PUSCH transmission can also be used to support sTTI.
Proposal 7: The frequency resources allocated for SPS PDSCH/PUSCH transmission can also be used to support sTTI.
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Figure 2: Multiplexing of non-sTTI and sTTI
2.5 HARQ for sPUSCH
Since the TTI length for DL and UL can be different, it will be complicated to support synchronous HARQ for sPUSCH, especially for TDD. Furthermore, if no dedicated PHICH is designed for sPUSCH, one UL grant is needed for sPUSCH retransmission even for synchronous HARQ. Hence, there is no explicit benefit to support synchronous HARQ for sPUSCH. On the other hand, asynchronous HARQ for sPUSCH can be easily supported by introducing HARQ process number to UL grant.

Proposal 8: Asynchronous HARQ is used for sPUSCH. HARQ process number is introduced to UL grant.
2.6 Carrier aggregation
The main problem of carrier aggregation with different TTI lengths on different carrier is HARQ-ACK feedback with single PUCCH transmission. The following issues should be considered:
· HARQ timing

· HARQ-ACK codebook size 

· DAI

· The concatenation of HARQ-ACK bits
3 Conclusions
In this contribution, we show our views on Rel-14 latency reduction with the following observation and proposals:
Proposal 1: A UE is not expected to receive PDSCHs with different TTI lengths simultaneously.
Proposal 2: Multiple short TTI lengths are supported.

Proposal 3: The length of short TTI for sPDSCH/sPUSCH should be UE- specific configured.

Proposal 4: At most one short TTI for sPDSCH/sPUSCH is configured to a UE.

Proposal 5: When the short TTI lengths for DL and UL are different, no dedicated search space is defined to transmit the UL grant for sPUSCH.
Proposal 6: Normal TTI and short TTI for one UE are dynamically scheduled by the eNB.

Proposal 7: The frequency resources allocated for SPS PDSCH/PUSCH transmission can also be used to support sTTI.
Proposal 8: Asynchronous HARQ is used for sPUSCH. HARQ process number is introduced to UL grant.
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