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[bookmark: _Ref298777854]Introduction
In this contribution, we provide our views on the Downlink Control Information (DCI) for uplink and downlink transmissions with short TTIs. We discuss the scheduling mechanism for PUSCH and PDSCH with shortened TTI [1] [2] [3] to be able to leverage the benefit of reduced TTI as compared to the legacy TTI of 1 ms. Further details on DCI for short TTI are available in [4].
Discussion
The uplink and downlink grants/assignments are transmitted to the UE with (e)PDCCH using DCI format 0 or 4, for PUSCH and using DCI formats 1, 2, or 3 for PDSCH. In order to harvest the benefits of reduced latency by shortening the TTIs, fast scheduling at the shortened TTIs (sTTI) should be enabled [1]. In the following we discuss one tentative solution for UL and DL DCI, providing fast scheduling of uplink with short TTIs i.e. sPUSCH, and for downlink with short TTIs i.e. sPDSCH.
Separating slow and fast DCIs
Since scheduling and control information is transmitted more often when using short TTIs, it is necessary to limit the amount of information transmitted on the fast time scale to keep the overhead at a reasonable level. Further for delay purpose it is important to have DL or UL DCI message sent as close in time to the corresponding PDSCH or PUSCH. Moreover, to be able to mix UEs in DL and UL of different TTI length on adaptive manner it would be beneficial to be able to update in each subframe how many PRBs pairs are set aside for short TTI operation in both UL and DL. This needs to be indicated  to the UEs. Therefore, part of the control information should be transmitted on a slower timescale, and should be directed to a group of sTTI UEs. Two new types of DCIs should be introduced for sTTI transmission; the non-UE specific slow DCI and the UE specific fast DCI. For the addressing of slow DCI a sTTI UE specific group RNTI is required. The slow DCI can be sent in PDCCH, while the fast DCI should be sent inband on the short TTI timescale. An example of this setup is shown in Figure 1.
[image: ]
Figure 1. Illustration of the DL subframe with a DL sTTI band defined in a slow DCI

The slow DCI message would consequently indicate the frequency allocation of the sTTI band to use by the UEs. The slow DCI message should therefore give the PRB pairs that define the sTTI band. There can be two separate slow DCI messages to indicate the sTTI band in UL and the one in DL separately. Alternatively, a single slow DCI message can contain the information about both the sTTI band in UL and the one in DL.
The assignment for each sPDSCH transmission must be UE specific. As discussed in [5], this fast DL DCI is transmitted in DL within the frequency allocation for DL short TTIs, the DL sTTI band. This new DCI might be based on current DCI format 2C in order to support high spectral efficiency with multiple antennas. Recall that the resource allocation for sPDSCH is given by the slow DL DCI as discussed above. Thus, the fast DL DCI does not need to contain the resource allocation field. However there may still be some advantage to support a simplified mechanism in order to be able to schedule multiple UEs within the same sTTI and sTTI band. 
Similar as in the DL the sPUSCH would need to be assigned from each corresponding sTTI in DL. The design assumptions are very similar to the DL case with the difference that either DCI format 0 or DCI format 4 can be used as basis. Similarly as for DL, additional field may be needed for instance to support a simplified mechanism for multiplexing several UEs within the same UL sTTI band. Further in order to support asynchronous HARQ as proposed in [5] the scheduled HARQ processes should be mentioned in the fast DCI. 
[bookmark: _Toc447175447][bookmark: _Toc447175601][bookmark: _Toc447199133]Proposal	
· To limit control overhead, the sTTI control and scheduling information should be divided onto a fast and a slow DCI type.
· [bookmark: _Toc447175448][bookmark: _Toc447175602][bookmark: _Toc447199134]Slow DCI(s) should be non-UE specific and addressed with a group RNTI in PDCCH in the common search space.
· It indicates resources used within a subframe for an sTTI band in DL, UL or both
· [bookmark: _Toc447175449][bookmark: _Toc447175603][bookmark: _Toc447199135]The fast DCI should be UE specific and sent inband on the short TTI timescale.
· DL assignment based on DCI format 2C with a simplified resource allocation field
· UL grant based on DCI format 4 or 0, with additional fields for length of TTI, HARQ process number, dynamic delay from grant to transmission, and simplified resource allocation field.
Connection between UL and DL sTTI bands
Since the fast DCI for the UL sTTI band are transmitted inband in the DL sTTI band, the UE is required to have access to both DL and UL sTTI bands. This allows scheduling of PUSCH with shorter TTI. 
Further the HARQ feedback channel (sPUCCH) for sPDSCH needs to be transmitted in UL. It can either be transmitted within a given sTTI band in UL or it can be defined as a separate sTTI band. Note here also if it is defined as a separate sTTI band the sTTI band for PUSCH and PUCCH could overlap. Further the sTTI band for PUCCH may need to support frequency hopping. If sPUCCH is defined as part of the UL sTTI band, this also requires a connection between one DL and one UL sTTI band. But if sPUCCH is defined independently of the UL sTTI band no such connection is required.
Proposals
· For a given sTTI band for PUSCH an associated sTTI band in downlink is defined
· Define a separate sTTI band for PUCCH
Dynamic length of TTI
The UEs will in most cases have different needs in terms of latency and amount of DL data with shortened TTI, which can affect the trade-off between latency and throughput. By allowing flexibility in the number of data symbols of the TTI of sPDSCH, an adaptation can be done of the length of the TTI for each sPDSCH with short TTI to the amount of payload that needs to be transmitted. Further, the flexibility allows to dynamically control the trade-off between overhead and latency reduction for receiving HARQ and thereafter TCP ACKs.
Also the UEs will in most cases have different amount of data in their buffers when transmitting in uplink. By allowing flexibility in the number of data symbols between legacy TTI of 14 SC-FDMA symbols and at least one sPUSCH format of 2 to 7 SC-FDMA symbols, an adaptation can be done for both latency requirements and amount of data in buffers. 
[bookmark: _Toc447199137]Proposal
· A UE can be assigned at least two different TTI lengths, i.e. Rel-14 TTI length and an additional configured sTTI length
· Study further if multiple different sTTI length can be assigned by scheduling
Search space for the fast DCI
In addition to the blind decodes required for UE specific scheduling on PDCCH and for sTTI slow grant decoding at the beginning of a subframe, the fast DCI would require some blind decodes per TTI. The number of fast DCI blind decodes supported by UE so that it is able to decode them quickly enough within the sTTI must be carefully considered. It should also be discussed to what extent the number of blind decodes for UE specific scheduling on PDCCH impacts processing time of the following sTTI and how the requirements on overall number of blind decodes for UEs can be reduced.
The total available resource for shortened PDCCH (sPDCCH) message associated with a fast DCI in a subframe can either be fixed or it can be dynamically determined. To further outline this, with fixed total number of sPDCCH resources, a given amount of resources are set aside in each DL sTTI for the sPDCCH available there. If the eNB does not utilise the resources, they remain unused. Another option is that the amount of resources used within a sTTI in downlink for the sPDCCH is dynamically assigned and the unused resources are used by shortened PDSCH that is sent in the same sTTI. Dynamic resource management of the sPDCCH in a DL TTI has been evaluated in [6] and is shown to be very beneficial in achieving high data rate due to much lower control channel overhead per sTTI. 
Proposals
· All resources not used for shortened PDCCH in a short TTI can be used for shortened PDSCH 
· Study how to distribute the blind decodes between (e)PDCCH and sPDCCH in sTTI

Conclusion
In this contribution we discussed our views on DCI for short TTIs. The above discussion is summarized with the following observations and proposals:
Proposals
· To limit control overhead, the sTTI control and scheduling information should be divided onto a fast and a slow DCI type.
· Slow DCI(s) should be non-UE specific and addressed with a group RNTI in PDCCH in the common search space.
· It indicates resources used within a subframe for an sTTI band in DL, UL or both
· The fast DCI should be UE specific and sent inband on the short TTI timescale.
· DL assignment based on DCI format 2C with a simplified resource allocation field
· UL grant based on DCI format 4 or 0, with additional fields for length of TTI, HARQ process number, dynamic delay from grant to transmission, and simplified resource allocation field.
· For a given sTTI band for PUSCH an associated sTTI band in downlink is defined
· Define a separate sTTI band for PUCCH
· A UE can be assigned at least two different TTI lengths, i.e. Rel-14 TTI length and an additional configured sTTI length
· Study further if multiple different sTTI length can be assigned by scheduling
· All resources not used for shortened PDCCH in a short TTI can be used for shortened PDSCH 
· Study how to distribute the blind decodes between (e)PDCCH and sPDCCH in sTTI
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