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1. Introduction
In the previous RAN1 meeting #84 [1], it has been agreed that no shortened TTI spans over subframe boundary. Further, it was agreed that from eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier.
In section 2 of this contribution we discuss a two-step control channel design, which builds on above two assumptions. This control design is similar to fast and slow DCI presented in [2]. In section 3, we present more details on s(E)PDCCH design. Finally, in section 4, we discuss design aspects of s(E)PDCCH with a specific focus on search space and the number of required blind decodes.
[bookmark: _Ref446873093]2. Two-step control channel design   
When sTTI UEs are multiplexed with legacy UEs in frequency domain, the eNB scheduler is able to reserve or dedicate sTTI resources with a 1ms granularity. Therefore, we think that signaling of these dedicated resources from the eNB to sTTI UE in the form of a sTTI band grant would be beneficial. 

This sTTI band grant would be transmitted in PDCCH in the beginning of the subframe and could therefore at least indicate the DL resources within the same DL subframe. Moreover, such sTTI grant could be also understood as an ON/OFF switch of sTTI operation at least in this DL subframe. For example, a UE configured for sTTI operation but not receiving the sTTI band grant could switch OFF the sTTI related processing, leading to power savings as e.g unnecessary sTTI DL control decoding would not be required. In addition, sTTI band grant could simplify the resource allocation signaling as the sTTI resources given in the sTTI band grant already point to a subset of the overall available PRB resources. Last but not least, the sTTI band grant could give the UE some more information on where to look for the short (E)PDCCH for sTTI operation (i.e. sPDCCH or sEPCCH) within the DL carrier. 

Figure 1 illustrates an example of two-step grant operation, where sTTI band grant transmitted in PDCCH determines resources available for sTTI and at the same time points into the sTTI control region. In this example, the sTTI band in the second slot is split into four independently schedulable sub-bands, which allow s(E)PDCCH to schedule up to four UEs within the sTTI. 


[bookmark: _Ref446604369][bookmark: _Ref446604365]Figure 1 Two-step control operation

Clearly, the number of users to be scheduled in sTTI band is for further study. Our system simulations [3] indicate that with 7-symbol TTI and moderate resource utilization, simultaneous scheduling of up to 2-3 UEs would be beneficial meaning that the scheduling granularity available in the second grant (denoted here with subband, details for FFS) would need to enable multi-user FDM multiplexing. On one side, a larger number of sub-bands /smaller scheduling granularity would improve the scheduling flexibility, on the other side the signaling overhead for resource allocation in the second grant would increase. 

Observation-1: The two-step control function can be used to define resources carrying the second step sTTI DL control (i.e. sPDCCH or sEPDCCH).
Observation-2: Two-step control could help to decrease the control overhead needed for scheduling of shorter TTI.
Observation-3: Scheduling granularity in the sTTI subband and the maximum number of co-scheduled UEs in one sTTI band is for further study.   
Observation-4: The sTTI band (i.e. 1st step) grant could act as dynamic sTTI ON/OFF switch with 1ms granularity enabling UE power savings.

One disadvantage of sTTI band grant is the additional scheduling step it introduces. If the sTTI UE fails to decode the sTTI band grant, no sTTI can be detected by the sTTI UE for that sub-band in that DL subframe anymore. Despite the reliability issue we think that two-step grant could provide a good framework for operation of sTTI control. It allows for reduced control overhead, enables flexible allocation of sPDCCH or sEPDCCH and at the same time maintains reasonable degree of scheduling flexibility.

Proposal-1: Adopt a two-step control design for scheduling of sTTI UEs. Details are FFS.

3. On s(E)PDCCH design  
With two step-grant discussed in previous section, the 1st grant points to s(E)PDCCH region of the second slot, as illustrated in Figure 1. In the first slot, the sTTI UE could take advantage of the legacy PDCCH region to schedule the shortened PDSCH (denoted with sPDSCH) in order to avoid additional control channel overhead for sTTI operation in the first slot. 
Two alternatives for some shortened DL control channel are sketched in Figure 1: 1) shortened PDCCH type (sPDCCH), and 2) shortened EPDCCH type (sEPDCCH). While sPDCCH is time multiplexed with data, the sEPDCCH is frequency multiplexed with data. Nevertheless, both sPDCCH and sEPDCCH are present within the sTTI band, as illustrated in Figure 1. Similarly to legacy PDCCH operation, where PCFICH defines the number of OFDM symbols used for control, the 1st step grant would define the resources used by s(E)PDCCH in that particular subframe. Obviously, the resource granularity for s(E)PDCCH would be smaller than 1-OFDM symbol and could be defined for example in number of CCEs instead. 
Observation-5: The 1st grant could define the size of s(E)PDCCH.
Another consideration when comparing sPDCCH and sEPDCCH is the effect of the control channel decoding delay. Clearly, TDM multiplexing of sPDCCH enables the UE to start the control channel decoding earlier compared to sEPDCCH, which can only start after all symbols of the sTTI are received. This advantage might be visible more for the slot-level sTTI case illustrated in Figure 1. However, for shorter TTI lengths, such as 2-symbol sTTI, this advantage will not be valid any longer as sPDCCH and sEPDCCH start to look alike. In this respect, considering a control channel resource allocation principle given by sEPDCCH (FDM between sTTI control channel and PDSCH) seems to be the generically applicable solution here. 
Observation-6: With 7-symbol TTI, the sPDCCH design is preferred to sEPDCCH due to earlier detection of the 2nd grant.
Observation-7: With very short TTI length, i.e. 2-symbol sTTI, the advantage of sPDCCH with earlier control channel decoding is diminished compared to sEPDCCH approach.
Looking at the reference signals used for DL control decoding for sTTI, the CRS-based demodulation of sPDCCH or sEPDCCH may be applied, where it would provide smaller overhead in normal subframe (with no additional DM-RS needed), better robustness towards higher speeds and a shorter decoding time (as CRS channel estimate may be available prior the sTTI arrival). However, the DMRS-based demodulation of sPDCCH or sEPDCCH may be useful in case the MBSFN is configured in the same subframe where sTTI operates. In a MBSFN subframe, CRS are transmitted only in legacy control region. Therefore, additional DMRS for sTTI control demodulation would be required in this case. Clearly, demodulation on DMRS suits more to sEPDCCH type of control channel, where additional control-DMRS overhead can be kept low. 
Observation-8: DMRS operation suits more to sEPDCCH design.
Proposal-2: The s(E)PDCCH demodulation using both CRS and DMRS should be supported. 

[bookmark: _Ref446873161]4. On required UE blind decodes  
The DL control blind decoding complexity directly impacts the required UE processing time, which plays a key role in latency reduction. Legacy LTE UEs operating on single-carrier perform currently 16+16 blind decodes with two DCI formats (for UL MIMO of 3 DCI formats with 16BDs each) on the user-specific search space (USS) and 6 CSS candidates. Therefore, if the number of USS candidates for each sTTI would stay the same, the amount or blind decodes would grow by 192 per subframe for 2 symbol sTTI and already for slot-level TTI the USS BDs would double. As discussed in several company contributions in RAN1#84 already, clearly a reduction in the number of BDs will be needed.
In the Rel-14 CA beyond 5 CC WI, studies on BD reduction have been performed and two different methods to reduce the number of USS BDs in the end had been specified, namely reducing the number of USS candidates on a carrier and disabling monitoring for DCI format 0. These two methods have two underlying principles, namely reducing the number of BDs through reducing the number USS candidates within a subframe and reducing the number of DCI formats the UE would need to search for. 
Obviously, the number of BDs could be halved by assuming the UE would only be required to monitor one DCI format on s(E)PDCCH for sTTI operation. This means that a single new DCI format should be common to both DL assignment as well as UL grants. 
However, number of BDs saved by reducing the number of DCI formats will provide only limited complexity savings. The other option to be looked at is reduction of USS candidates for sTTI operation. And it seems this reduction will be rather natural. With sTTI operation, there will be no need for large USS due to following reasons (i) the number of scheduled UEs per SF might be smaller compared to 1ms TTI operation and legacy UEs will not be scheduled by s(E)PDCCH and (ii) in order to keep the DL control overhead low, only a smaller amount of DL control resources compared to 1ms TTI might be available, decreasing the number of USS candidates as well. Therefore, a reduction in the number of USS candidates for sTTI is needed. In fact, we think that reduction of USS due to limited control resources might be already too restrictive and therefore standardization of very short sTTI should be avoided.
Observation-9: Number of blind search candidates per UE in sEPDCCH would need to be reduced for sTTI shorter than 7 OFDM symbols.
Proposal-3: If sTTI shorter than 7 OFDM symbols is supported, define a reduced user-specific search space candidate set for its operation. 
Proposal-4: Consider introducing one new DCI format which is used for scheduling UL grants as well as DL assignments for shorter TTI.

5. Summary
Based on the discussion in above, we have the following observations and proposals:
Observation-1: The two-step control function can be used to define resources carrying the second step sTTI DL control (i.e. sPDCCH or sEPDCCH).

Observation-2: Two-step control could help to decrease the control overhead needed for scheduling of shorter TTI.

Observation-3: Scheduling granularity in the sTTI subband and the maximum number of co-scheduled UEs in one sTTI band is for further study.   

Observation-4: The sTTI band (i.e. 1st step) grant could act as dynamic sTTI ON/OFF switch with 1ms granularity enabling UE power savings.

[bookmark: _GoBack]Proposal-1: Adopt a two-step control design for scheduling of sTTI UEs. Details are FFS.

Observation-5: The 1st grant could define the size of s(E)PDCCH.
Observation-6: With 7-symbol TTI, the sPDCCH design is preferred to sEPDCCH due to earlier detection of the 2nd grant.
Observation-7: With very short TTI length, i.e. 2-symbol sTTI, the advantage of sPDCCH with earlier control channel decoding is diminished compared to sEPDCCH approach.
Observation-8: DMRS operation suits more to sEPDCCH design.
Proposal-2: The s(E)PDCCH demodulation using both CRS and DMRS should be supported. 
Observation-9: Number of blind search candidates per UE in sEPDCCH would need to be reduced for sTTI shorter than 7 OFDM symbols.
Proposal-3: If sTTI shorter than 7 OFDM symbols is supported, define a reduced user-specific search space candidate set for its operation. 
Proposal-4: Consider introducing one new DCI format which is used for scheduling UL grants as well as DL assignments for shorter TTI.
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