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1
Introduction
In RAN1 #84bis, the followings have been agreed for sTTI physical channel design [1]:
Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)

· Dropping/prioritization rules (if any) are FFS 

In this contribution, we discuss on the design consideration for shortened sTTI design for PUSCH.
2
Considerations
It has been observed that shortening TTI length for uplink transmission results in coverage loss especially for the power limited UE. This is mainly because the energy per bit gets lower as the TTI length becomes shorter for a given transport block size. Hence, it seems to be beneficial to support multiple sTTI lengths and configure a proper sTTI length for a UE based on the UE coverage. For instance, 2, 3(4), and 7 symbols sTTI lengths are supported and one of the sTTI length may be used for a UE based on the UE coverage level.
Considering that a UE coverage level can be changed semi-statically, a UE-specific higher layer signaling can be used to configure an sTTI length for sPUSCH transmission.
Proposal-1: support multiple sTTI length for sPUSCH and configured in a UE-specific manner
Since the number of available REs for an sPUSCH transmission becomes smaller as the sTTI length for the sPUSCH gets shorter, the maximum transport block size should be limited based on the sTTI length in order not to exceed a certain coding rate which can be decodable at an eNB receiver. Also, to support a similar SNR range with PUSCH, the transport port block sizes should be scaled down based on the sTTI length so that a similar effective coding rates are supported with legacy PUSCH transmission for a given number of PRBs.
Proposal-2: transport block sizes should be scaled down based on sTTI length
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Figure 1. Example of an association between sPDCCH and sPUSCH with different sTTI length

Considering that an sTTI length for uplink transmission can be configured based on a UE coverage level while an sTTI length for downlink transmission can be configured irrespective of the UE coverage level as downlink coverage is not limited by sTTI length. Therefore, the sTTI length for uplink and downlink should be configured independently. The figure 1 shows an example of the association between sPDCCH and sPUSCH with different sTTI length.
If sTTI length of sPDCCH is shorter than that of sPUSCH, multiple sPDCCHs can be associated with a single sPUSCH scheduling, thus resulting in higher blind decoding complexity. In order not to increase blind decoding complexity for sPUSCH scheduling when sTTI length of sPUSCH is longer than downlink sTTI length, a subset of sPDCCH regions associated with a sPUSCH can be monitored by a UE for UL grant. The subset of sPDCCH regions can be determined in a UE-specific manner to minimize blocking probability so that the UE-specific search spaces for UL grant can be distributed over the multiple sPDCCH regions.
Proposal-3: different sTTI length for sPDCCH and sPUSCH is supported
It has been discussed that if a DM-RS symbol can be shared with two sTTIs. Up to 8 orthogonal DM-RS are supported in a DM-RS symbol with cyclic shifts as far as the PRBs allocated for different UEs are the same. Sharing a DM-RS symbol in two consecutive sTTIs implies that the PRB allocation for the two consecutive sTTIs should be the same to keep the orthogonality for the reference signals between two consecutive sTTIs.

If a subset of PRBs are configured as an sTTI resource for sPUSCH transmission and same for a group of UEs, the UEs may be scheduled in the same set of PRBs and two consecutive sTTIs may share a DM-RS symbol. However, in many case, the number of PRBs scheduled for a UE may be determined based a UE coverage level if a UE is power limited situation. Therefore, the scheduling flexibility of the number of PRBs allocated for a UE should be kept as before. In order to keep the scheduling flexibility, the DM-RS for a sPUSCH should be located within a sTTI.
Proposal-4: DM-RS for a sPUSCH should be located within a sTTI
In a subframe, a UE may be scheduled to transmit both PUSCH and sPUSCH and it has been agreed that simultaneous transmission of PUSCH and sPUSCH in the same time/frequency resource is not supported. In this case, a UE may drop either PUSCH or sPUSCH based on priority rule as a simple solution. Since sPUSCH will be scheduled later due to shorter TTI length, it seems to be straightforward to drop PUSCH in the subframe.
On the other hand, it is FFS how to handle the case if PUSCH and sPUSCH are scheduled in a different frequency resource in the same subframe. A couple of options can be considered as following:
· Option-1: dropping either PUSCH or sPUSCH based on a predefined priority rule

· Option-2: simultaneous PUSCH and sPUSCH transmission if a UE has enough transmit power for the simultaneous transmission, otherwise drop either PUSCH or sPUSCH
· Option-3: puncturing PUSCH symbols overlapped with sPUSCH and transmit sPUSCH only in those symbols
The abovementioned options may be considered for the case when PUSCH and sPUSCH are scheduled in a different frequency resource.
Proposal-5: study the possibility to transmit both PUSCH and sPUSCH in a same subframe if scheduled in different frequency resources
3
Summary
In this contribution, we discussed on the design considerations on sPUSCH. From the discussions, we propose the followings:

Proposal-1: support multiple sTTI length for sPUSCH and configured in a UE-specific manner

Proposal-2: transport block sizes should be scaled down based on sTTI length

Proposal-3: different sTTI length for sPDCCH and sPUSCH is supported
Proposal-4: DM-RS for a sPUSCH should be located within a sTTI

Proposal-5: study the possibility to transmit both PUSCH and sPUSCH in a same subframe if scheduled in different frequency resources
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