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1. Introduction
Some progress has been made during RAN1#84 [1] but plenty of generic design considerations have not been extensively studied in 3GPP yet. Some preliminary agreements mainly on DL operation are copied here for reference from RAN1#84[1]:
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 

As well as additional generic working assumption available from RAN1#84bis [2]:

Working Assumption: 

· 1-OFDM-symbol sTTI length will not be further studied

In this contribution, we provide our view regarding the supported shorter TTI lengths as well as the configurability.  Discussions on simultaneous unicast PDSCH operation of different TTI lengths are handled in our companion contribution [3], whereas details of simultaneous PUSCH/PUCCH operation of different TTI lengths can be found in our companion contribution [4].
2. Discussion  

2.1 Supported shorter TTI lengths
As we already pointed out in our earlier contributions, we think that 3GPP should focus on introducing only one supported short TTI, namely slot-level (7-symbol) sTTI. As discussed in several contributions, the control signaling and DM-RS overhead will increase dramatically for shorter TTI lengths which reduces the achievable gains of low latency operation. 


Moreover, as discussed in our companion paper on processing delays [5], decreasing the TTI length only but without correspondingly decreasing the maximum allowed processing times (which define HARQ-ACK feedback and UL scheduling delays) will not lead to the desired latency reduction. Therefore, only sTTI lengths where a linear decrease in the processing time is possible should be introduced. We think that this will not be possible for shorter TTI lengths of 1, 2, 3/4 symbol TTIs.

Furthermore, based on the companies’ contributions to RAN1#84 and RAN1#84bis, it is commonly understood that the specification impact for sTTIs shorter than one slot is significantly increased. For example, for slot-level sTTI, existing DM-RS for PUSCH and PDSCH could be reused. Contrary, for 1, 2 and 3/4-symbol sTTIs, new DM-RS (for data and potentially also the control channel) would clearly need to be designed. Keeping this specification impact in mind, we think that it will not be possible to complete the specification of shorter than the slot-level TTI operation within the Rel-14 time frame.  

Therefore, we suggest to specify in Rel-14 only a single short TTI with length of 7 symbols (slot-level sTTI).
Proposal 1: Support only slot-level short TTI operation in Rel. 14.

2.2 On different TTI lengths for UL and DL
Different TTI lengths could be used for UL and DL for several reasons. One clear motivation is the limited UL PUSCH coverage for short(er) TTI PUSCH operation – a problem which is not equally present in DL direction. But this is only an operational change that the network might need to apply in order to be able to profit from sTTI DL operation in PUSCH coverage limited situations. 

Considering the UE capabilities, if operation with different UL and DL sTTI lengths is supported, one might consider the possibility of having different sTTI UE capabilities for UL (i.e. sPUSCH & sPUCCH) compared to DL (i.e. s(E)PDCCH & sPDSCH). Having different capabilities for a single UE in UL and DL will first of all complicate the low latency specification (as all possible combinations need to be covered) as well as eNB implementation (as all possible combinations need to be accounted for). 

Therefore, we propose that the UE capability to support a certain sTTI length should be equally applicable to UL and DL operation. 

Proposal 2: A UE indicating support for a certain sTTI length shall support the sTTI for UL and DL operation. Separate specification handling for supporting a certain sTTI length either in UL or DL only is not provided. 

With this approach, it should be up to the network to utilize a different UL and DL sTTI length without dependence on certain UE capability combinations. 

Having sTTI operation for PUSCH, but having no related equally fast ‘DL control channel’ scheduling the related PUSCH is not a feasible option. The DL control channel periodicity is directly related to the sPDSCH TTI length, and it will not be possible to benefit from a short TTI for PUSCH having 1 ms DL control periodicity, because the UL RTT would still be potentially limited by the DL control availability. Therefore, it seems that the short PUSCH TTI length should be at least as long as the related PDSCH/EPDCCH length. 

Observation 1: Having a shorter TTI length for PUSCH compared to TTI for PDSCH/(E)PDCCH does not seem to be feasible. 

Having a shorter PDSCH TTI length in DL does not require the PUSCH to be equally short. The only limitation might be given by the UCI multiplexing options in order to keep the DL latency low. During RAN1#84 discussions, it was pointed out that the sTTI length of PUSCH and PUCCH might be different. Again, using the example of slot-level sPDSCH, we might consider operating the PUCCH with a slot-level granularity/TTI length but operating the PUSCH with 1-ms TTIs in order to not loose PUSCH coverage. 

More detailed discussions on shorter TTI PUSCH and PUCCH operation can be found in our companion contribution [4].
2.3 Shortened TTI configurability for UL and DL operation
As discussed in our companion contribution [3], we propose to not support reception of unicast PDSCH of different TTI lengths within a subframe of a carrier. But this might not prevent to configure a single UE with different shorter TTI lengths for PDSCH operation. 
We don’t see a need to change the sTTI length dynamically, as having either legacy 1-ms PDSCH unicast operation or shorter TTI unicast PDSCH with a single sTTI length within a DL subframe should give sufficient flexibility for the network. Therefore, we think that only a single applicable DL sTTI length for a UE should be (re)configured by higher layers.

The operation of different TTI lengths of PUSCH & PUCCH is discussed in our companion contribution [4], where similarly simultaneous transmission of PUSCH of different sTTI length on a carrier is proposed to be not supported. Therefore, similar considerations on the configurability can be made as for DL direction and we propose that only a single sTTI PUSCH length should be configurable for a UE as in case of DL operation. For simplicity, we think the same sTTI length configuration should equally apply to UL and DL operation as the motivation for different sTTI length is unclear/missing to us, as also discussed in the previous section.
Therefore, overall on the configurability of shortened TTI length for DL and UL operation we propose:  

Proposal 3: A single shortened TTI length can be UE-specifically configured by higher layer as part of the low latency operation (re)configuration, which is applicable for DL and UL operation.

3. Conclusions

In this contribution, we discussed shortened TTI (sTTI) operation specifically focusing on different sTTI lengths, combined UL/DL UE capabilities and the shortened TTI configurability for a UE. Based on the discussion in this contribution, we bring the following observation and proposals forward:

· Proposal 1: Support only slot-level short TTI operation in Rel. 14.

· Proposal 2: A UE indicating support for a certain sTTI length shall support the sTTI for UL and DL operation. Separate specification handling for supporting a certain sTTI length either in UL or DL only is not provided. 

· Observation 1: Having a shorter TTI length for PUSCH compared to TTI for PDSCH/(E)PDCCH does not seem to be feasible. 
· Proposal 3: A single shortened TTI length can be UE-specifically configured by higher layer as part of the low latency operation (re)configuration, which is applicable for DL and UL operation.
Further discussions on simultaneous unicast PDSCH of different TTI length can be found in [3] and details on PUSCH/PUCCH operation of different TTI lengths can be found in our companion contribution [4]. 
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