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1 Introduction

In the new WI on Short TTI and reduced processing [1] the (selected) objectives are set to be:

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In [2], the following principles on sPUSCH are recommended to be supported:

· UCI transmission on sPUSCH is supported

· Note: The UCI herein refers to at least the ones for sTTI operations

In this contribution, we present proposals for how to transmit UCI on PUSCH with short TTI.
2 Discussion
2.1 UCI on PUSCH
In LTE, two different methods are supported for transmitting UCI. If the UE does not have a valid scheduling grant, the PUCCH is used for transmitting UCI, while if the UE has a valid scheduling grant, the UCI is instead time multiplexed with the coded UL-SCH on to the PUSCH, prior to DFT spreading and OFDM modulation in order to preserve the low cubic metric single-carrier property. 

When UCI is transmitted on PUSCH, there is no need to transmit scheduling request since the UE is already scheduled. Instead the buffer status reports are sent in-band as part of the MAC headers. Therefore, only HARQ ACK/NACK and CSI reports are transmitted on PUSCH.

The HARQ ACK/NACK is important for proper operation of the downlink. Thus, the HARQ ACK/NACK symbols are placed close to DMRS in order to achieve good channel estimation. There is a certain probability that the UE misses some downlink assignment on the PDCCH. In such cases, the actual HARQ feedback payload from the UE is different from the one expected by the eNodeB. To avoid that the reception of the UL-SCH is dependent on the PDCCH reception, the coded HARQ ACK/NACK symbols are punctured into the coded data on PUSCH.

The coded RI symbols are placed close to HARQ ACK/NACK symbol positions, so that they are also close to DMRS to be able to achieve good channel estimation. This is motivated by the fact that the decoding of CQI/PMI relies on the correct decoding of RI. The CQI/PMI is mapped across the full subframe duration. The special mapping of CQI/PMI is less pronounced, since CSI reports are mainly useful for low-to-medium Doppler frequencies. The UL-SCH rate matching takes the presence of the CQI/PMI and RI into account.

2.2 UCI on sPUSCH

The mapping rules described above can be used as a guideline for the design of multiplexing UCI on sPUSCH. For 7-symbol sPUSCH, if the legacy DMRS configuration is used, a straightforward solution for multiplexing UCI on sPUSCH is to reuse the mapping rule for PUSCH. 
Observation 1 The mapping rule for PUSCH can be reused for multiplexing UCI on 7-symbol sPUSCH, if the legacy DMRS configuration is used.

Figure 1 illustrates the UCI mapping solutions for 2-symbol sPUSCH considering different DMRS configurations. The same methodology, which is summarized below, can also be used for mapping UCI on 4-symbol sPUSCH, if adopted.
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Figure 1 Multiplexing of UCI on 2-symbol sPUSCH. The configurations are: (a) DMRS+data; (b) data+DMRS; (c) data+data, DMRS transmitted before; (d) data+data, DMRS transmitted after; (e) data+SRS, DMRS transmitted before.

· As can be seen from Figure 1: HARQ ACK/NACK is placed in time domain samples (before DFT spreading of the SC-FDMA symbols) as close to DMRS as possible in order to obtain good channel estimation.
· The mapping of RI/CRI starts from the other end of the same SC-FDMA symbol as used for HARQ ACK/NACK mapping. 
· The CQI/PMI mapping starts after the last coded modulation symbol for RI/CRI. The CQI/PMI is mapped to the resource elements of the SC-FDMA symbol left unused by RI/CRI first before continuing on the next SC-FDMA if needed. 

Based on the above mapping rule, the HARQ ACK/NACK is placed as close to DMRS as possible. Since RI/CRI is placed on the same symbol used for HARQ ACK/NACK mapping, the RI/CRI is also placed very close to DMRS. In addition, the starting point of RI/CRI is at the other end of the SC-FMDA symbol, which ensures that the RI mapping will not be affected by the HARQ ACK/NACK mapping, in case the UE misses some downlink assignment on the (e)PDCCH. Moreover, based on the above mapping rule, the UCI is always time multiplexed at the beginning of sPUSCH if DMRS is transmitted before or at the beginning of sPUSCH. This is beneficial from latency reduction perspective.
Proposal 1 Consider the above UCI mapping rule for multiplexing UCI on sPUSCH, for TTI lengths of 2 and 4 symbols (if 4 symbol design is adopted).
In Figure 1, the columns correspond to SC-FDMA symbols. The row index k = 0, 1, …, M is coded modulation symbol index before transform precoding (see section 5.3.3 in 3GPP TS 36.211), where M is the number of subcarriers allocated to the sPUSCH. The order of DFT-spreading is from k=0 (top) to M (bottom). As can be seen from Figure 1, in order to place the HARQ ACK/NACK close to the DMRS in time domain samples, the mapping of HARQ ACK/NACK should start from the top (k=0) when the DMRS is transmitted before the data, and the bottom (k=M) when the DMRS is transmitted after the data.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The mapping rule for PUSCH can be reused for multiplexing UCI on 7-symbol sPUSCH, if the legacy DMRS configuration is used.

Observation 2
UCI mapping of sTTI simpler and more robust if TTI length of sPUSCH and sPUCCH are the same.


Based on the discussion in section 2 we propose the following:
Proposal 2 Consider this UCI mapping rule for multiplexing UCI on sPUSCH, for TTI lengths of 2 and 4 symbols (if 4 symbol design is adopted):

· HARQ ACK/NACK is placed in time domain samples (before DFT spreading of the SC-FDMA symbols) as close to DMRS as possible in order to obtain good channel estimation.
· The mapping of RI/CRI starts from the other end of the same SC-FDMA symbol as used for HARQ ACK/NACK mapping. 

· The CQI/PMI mapping starts after the last coded modulation symbol for RI/CRI. The CQI/PMI is mapped to the resource elements of the SC-FDMA symbol left unused by RI/CRI first before continuing on the next SC-FDMA if needed. 
4 References

[1] RP-161299, New Work Item on shortened TTI and processing time for LTE, Ericsson, RAN#72, June 2016.
[2] TR 36.881
Study on latency reduction techniques for LTE.

2/3


