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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. According to [1], specification work for 2-symbol sPUCCH/sPUSCH needs to be completed by RAN#76.
As discussed in our companion contribution [2], sPUCCH and sPUSCH collision would exist and sUCI would be transmitted on sPUSCH if the UE is not configured for simultaneous transmission of sPUCCH and sPUSCH. This contribution mainly discusses sUCI transmission on sPUSCH.
2 Discussion on sUCI on sPUSCH

The sUCI transmitted on sPUSCH may include CQI, RI, PMI, CRI and/or HARQ-ACK. sUCI mapping for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUSCH are discussed respectively.
· UCI on 2-symbol sPUSCH

For 2-symbol sTTIs, one DMRS may be shared by multiple sTTIs, so one 2-symbol sTTI may or may not have DMRS symbol within the sTTIs. Correspondingly, UCI mapping for these two structures shall be studied. Here we provide three candidate methods for UCI on 2-symbol or 3-symbol sPUSCH, considering the sTTI structure {2, 2, 3, 2, 2, 3}.
Method 1: For sPUSCH with one data symbol, HARQ-ACK (s-A/N), CQI and/or RI are mapped on the same symbol. RI and CQI are piggybacked at the front of the symbol by rate matching and HARQ-ACK is mapped at the bottom of the symbol by puncturing sPUSCH. In addition, RI is mapped on top of CQI. In this case, for large amount of s-A/N, sPUSCH data is punctured firstly, and then CQI and RI in order. Therefore, the priority of UCI would be HARQ-ACK > RI > CQI > data. For sPUSCH with more than one data symbols, following the same principle, RI and CQI could be transmitted on top of sPUSCH. HARQ-ACK could be mapped at the bottom of one symbol which is close to DMRS symbol to improve channel estimation accuracy. Similar channel interleaver for PUSCH can be reused so RI and CQI are mapped to more than one data symbols, which is beneficial to balance UCI payloads on data region.  Figure 1 gives the example.
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 Figure 1: UCI on 2-symbol sPUSCH (method 1)
Method 2: For sPUSCH with one data symbol, HARQ-ACK (s-A/N), CQI and/or RI are mapped on the same symbol. CQI could be piggybacked at the front of the symbol by rate matching as legacy. Then the priority of UCI would be HARQ-ACK = RI > CQI > data instinctively. RI is mapped at the bottom of the symbol by rate matching. HARQ-ACK could be mapped on top of RI at the same symbol by puncturing sPUSCH. For sPUSCH with more than one data symbols, HARQ-ACK could be mapped from the bottom of one symbol which is close to DMRS symbol, RI could be mapped from the bottom of another symbol close to HARQ-ACK mapping symbol. Figure 2 gives the example.

[image: image2.emf] 

DMRS

s-A/N

CQI

RI

Data

3  data symbols 1  data symbol 2  data symbols


 Figure 2: UCI on 2-symbol sPUSCH (method 2)
Method 3: To simplify specification and implementation, non-continuous UCI mapping shown in Figure 3 is studied. Then the priority of UCI would be HARQ-ACK = RI > CQI > data. The scheduled REs for sPUSCH and CQI/RI transmission can be arrayed into 4 columns, and if the number of REs is not divided by 4, the remaining REs can be arrayed in the 5th column, as shown in Figure 3, so UCI could be mapped on such a resource in legacy way. This method has less specification impact. 

[image: image3.emf] 

DMRS

s-A/N

CQI

RI

Data

0

1

2

3

4

0 1 2 3 4

0

1

1st part 

of 2

3

4

2nd part 

of 2

0

1st part 

of 1

2nd part 

of 1

3

4

Equivalent 

1  data symbol

2  data symbols

2

3 data symbols


Figure 3: UCI on 2-symbol sPUSCH (method 3)
· UCI on 4-symbol sPUSCH
For UCI on 4-symbol sPUSCH, it is preferred to reuse legacy UCI mapping rules as much as possible. Figure 4 gives an example. HARQ-ACK information could be mapped to resources around DMRS symbol to guarantee HARQ-ACK performance. RI could be mapped next to HARQ-ACK. CQI could be mapped at the front of sPUSCH.
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Figure 4: UCI on 4-symbol sPUSCH 
· UCI on 1-slot sPUSCH
Following the same principle, legacy UCI mapping rules could be reused for UCI on 1-slot sPUSCH. Figure 5 gives an example. 
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Figure 5: UCI on 1-slot sPUSCH 

Proposal: for sUCI multiplexed on sPUSCH:
-
for UCI on 2-symbol sPUSCH, adopt one of the following mapping priority
· HARQ-ACK > RI > CQI > data.
· HARQ-ACK = RI > CQI > data.

-
for UCI on 4-symbol sPUSCH and 1-slot sPUSCH, reuse legacy UCI mapping rules. 
3 Conclusion

The contribution mainly discusses sUCI transmission on sPUSCH. Based on the above discussion, we have the following proposals: 
Proposal: for sUCI multiplexed on sPUSCH:
-
for UCI on 2-symbol sPUSCH, adopt one of the following mapping priority

· HARQ-ACK > RI > CQI > data.

· HARQ-ACK = RI > CQI > data.

-
for UCI on 4-symbol sPUSCH and 1-slot sPUSCH, reuse legacy UCI mapping rules. 
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