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1. Introduction
At the RAN1#84bis meeting, UE behavior on uplink sTTI transmission and supported sTTI length were discussed and following agreements and working assumptions were made [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 
Working Assumption: 

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


In this contribution, we provide our views on the PUSCH design for shortened TTI and UE behavior in case of being scheduled with legacy TTI unicast PUSCH and short TTI unicast PUSCH in the same subframe on the same carrier. PUCCH design for shortened TTI can be found in our companion contribution [2].
2. PUSCH in a short-TTI (sPUSCH)
2.1. Channel structure
According to the working assumption, the potential lengths of short-TTI could be 2, 3/4, and 7 symbols. As analyzed in [3], supporting 2-symbol sTTI for uplink transmission requires much specification impact, while its benefit is similar with or may be worse than that of 3/4-symbol sTTI. Therefore, it is preferred to support 3/4-symbol sTTI since it strikes good balance among latency reduction gain, overhead increase, and expected specification impacts. Besides, 7-symbol sTTI is also recommended to be supported as the second preference since it is a good compromise between legacy TTI and 3/4-symbol sTTI.  
For sPUSCH structure, same discussion in [4] still applies. Existing PUSCH framework can mostly be re-used by simply scaling TBS of the legacy PUSCH according to the length of TTI.

Observation 1:

· PUSCH in a short-TTI (sPUSCH) can be realized by scaling TB size according to the given TTI length.

2.2. RS structure
For sPUSCH, RS structure is one of the key aspects to be considered carefully. In the following, possible sPUSCH DMRS designs are discussed with mainly focusing on 7-symbol and 3/4-symbol sTTI.

In the current PUSCH, DMRS are mapped on 3rd and 10th SC-FDMA symbols in a subframe. For both 7-symbol and 4-symbol sPUSCH, it is straightforward to re-use current DMRS design. 
Figure 1 illustrates a possible DMRS design for sPUSCH comprising 7 symbols. One DMRS symbol is contained in each sPUSCH. The legacy DMRS position is kept intact such that the inter-cell interference randomization effect on DMRS symbols is maintained. Unlike legacy sPUSCH, OCC on DMRS is no longer applicable; hence, UL multi-user MIMO with independent PRB allocation between spatially multiplexed UEs cannot be realized unless there are any enhancements. If dynamic change of TTI length between short-TTI and legacy TTI is enabled, the UL multi-user MIMO is still applicable when PUSCH is transmitted using legacy TTI. 
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Fig. 1:
Possible sPUSCH comprising 7 symbols.
For sPUSCH comprising 4 symbols, one DMRS symbol shared by two time-domain continuous short-TTIs within one slot can be viewed as a special case of Alt. 2. Figure 2 shows an example. In order to allow to schedule sPUSCH on different PRB sets between neighboring short-TTIs, DMRS multiplexing/de-multiplexing mechanism would be necessary. 
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Fig. 2:
Possible sPUSCH comprising 4 symbols and sharing DMRS b/w neighboring TTIs.
Observation 2:
· Existing PUSCH DMRS design is applicable to both 7-symbol and 4-symbol sPUSCH. 
· For sPUSCH comprising 7 symbols: existing DMRS can be re-used. 
· For sPUSCH comprising 4 symbols: DMRS symbol shared by two neighboring short-TTIs would be feasible.

3. UE behavior on UL sTTI operation
In the current LTE, a UE does not support to transmit more than one PUSCH in the same subframe on one carrier since it is unnecessary for UE to do it. However, for shortened TTI operation, it is beneficial for the UE who has both normal traffic and low latency traffic to support simultaneous transmission of legacy TTI PUSCH and short TTI sPUSCH in the same subframe in the same carrier since those two transmissions are totally different types of traffic and have different HARQ/scheduling timeline. Therefore, it should be allowed to schedule unicast sPUSCH during the time-interval where unicast PUSCH is already scheduled. 
Observation 3:
· It is recommended to allow scheduling unicast sPUSCH during the time-interval where unicast PUSCH is already scheduled.
· Advanced UEs may be able to perform simultaneous transmission of legacy TTI PUSCH and short TTI sPUSCH in the same subframe in the same carrier.
eNB can assume that the UE can support simultaneous transmission of legacy TTI PUSCH and short TTI PUSCH in the same subframe in the same carrier. If the UE is not able to transmit them simultaneously, a certain UE behavior should be defined. Following three alternatives can be considered.

Alt. 1: UE can encode and transmit both unicast PUSCH and sPUSCH in the same subframe in the same carrier under some conditions, except these conditions, UE always encodes and transmits sPUSCH. 
Possible conditions can be the scheduled PUSCH is SPS PUSCH and/or the TBS/MCS of the PUSCH is under a threshold and/or the total summed TBS of the unicast PUSCH and sPUSCH is under a threshold. Additional factors could be whether the scheduled PRBs for sPUSCH and PUSCH are overlapped and/or the UE is power limited. If these conditions are met, then UE can transmit both sPUSCH and PUSCH on their respective resources. If the scheduled PRBs for sPUSCH and PUSCH are overlapped and/or the UE is power limited, by puncturing PUSCH the UE can transmit PUSCH and sPUSCH in the same subframe in the same carrier. One example is shown in Fig. 3. 
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Fig. 3:
Simultaneous transmission of PUSCH and sPUSCH by puncturing PUSCH
Except above conditions, UE should always prioritize encoding and transmitting sPUSCH once scheduled, and drop/abort the PUSCH transmission if necessary. With this UE behavior, low latency traffic can be scheduled to UEs flexibly regardless of their ability. 
Alt. 2: UE always prioritize encoding and transmitting short TTI unicast PUSCH. 

If the eNB wants to prioritize legacy TTI unicast PUSCH, it should not schedule short TTI unicast sPUSCH in the same subframe in the same carrier when the low latency traffic arrives; otherwise eNB should schedule short TTI unicast PUSCH for the UE transmitting legacy TTI unicast PUSCH. When the UE is aware of collision between legacy TTI unicast PUSCH and short TTI unicast sPUSCH, UE should drop/abort transmission of legacy TTI unicast PUSCH. This alternative also ensures the same understanding between eNB and UE and has small specification impact while lowers the UE capability especially for advanced UEs.
Alt. 3: left to UE implementation, UE can encode and transmit both of the legacy TTI unicast PUSCH and short TTI unicast PUSCH or select to encode and transmit one of them. 
Different from alternative 1 and 2, this alternative gives the final say to the UE. UE can encode and transmit both of them or either of them according to its capability. No common understanding between eNB and UE is ensured, blind detection at eNB side is needed. This alternative also keeps the benefits of supporting simultaneous transmission of legacy TTI unicast PUSCH and short TTI unicast sPUSCH in the same subframe in the same carrier.
Observation 4:

· For non-advanced UEs, eNB can schedule simultaneous transmission of legacy TTI unicast PUSCH and short TTI unicast sPUSCH in the same subframe in the same carrier. 

· UE behavior in case of being scheduled with legacy TTI unicast PUSCH and sPUSCH in the same carrier in the same subframe should be defined.

4. Conclusion
In this contribution we discussed PUSCH design for shortened TTI and reached following observations.
Observation 1:

· PUSCH in a short-TTI (sPUSCH) can be realized by scaling TB size according to the given TTI length.

Observation 2:
· Existing PUSCH DMRS design is applicable to both 7-symbol and 4-symbol sPUSCH. 
· For sPUSCH comprising 7 symbols: existing DMRS can be re-used. 

· For sPUSCH comprising 4 symbols: DMRS symbol shared by two neighboring short-TTIs would be feasible.

Observation 3:
· It is recommended to allow scheduling unicast sPUSCH during the time-interval where unicast PUSCH is already scheduled.
· Advanced UEs may be able to perform simultaneous transmission of legacy TTI PUSCH and short TTI sPUSCH in the same subframe in the same carrier.
Observation 4:

· For non-advanced UEs, eNB can schedule simultaneous transmission of legacy TTI unicast PUSCH and short TTI unicast sPUSCH in the same subframe in the same carrier. 

· UE behavior in case of being scheduled with legacy TTI unicast PUSCH and sPUSCH in the same carrier in the same subframe should be defined.
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