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1. Introduction

In RAN#73, the revised WID of an LTE work item on shortened TTI and processing time was approved as follows [1]. 

	· Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings 

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

· The other objectives will be completed by RAN#77 as currently planned, and will be discussed in WG meetings before RAN#76


In this contribution, we discuss several aspects on UCI on sPUSCH. This contribution is revised from R1-1713073.

2. UCI on sPUSCH
In current LTE, if simultaneous transmission of PUCCH and PUSCH is not configured to a UE, UCI is transmitted via PUSCH. Since it was agreed in RAN1#85 that UCI transmission on sPUSCH is supported, one consideration point is how to map UCI onto sPUSCH with the reduced number of available symbols due to TTI shortening. 

For UCI mapping on sPUSCH, the legacy mapping rules can be mostly reused. For 7-symbol TTI, the same mapping rule as legacy is applied except that HARQ-ACK and RI are mapped on the two symbols. Meanwhile, for 2-symbol TTI, some mapping rules depending on the number of available symbols for UCI need to be defined as follows. Figure 1 depicts the example of UCI mapping on sPUSCH for 7-symbol TTI.
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Figure 1. UCI mapping on sPUSCH for 7-symbol TTI
For 3-symbol TTI comprised of 1 DMRS and 2 data symbols, the legacy mapping rule can be used from the current LTE specification. In case DMRS is front-loaded (i.e., {R D D}) or back-loaded (i.e., {D D R}), CQI/PMI is mapped in time-first frequency-second manner and RI is mapped on the second nearest symbol to DMRS from the last frequency index. The UL-SCH data is rate-matched around CQI/PMI and RI. HARQ-ACK is mapped on the nearest symbol from DMRS symbol. To avoid ambiguity due to miss detection of DL grant, the HARQ-ACK is mapped by puncturing UL-SCH. Figure 2 illustrates the example of UCI mapping on sPUSCH for 3-symbol TTI.
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Figure 2. UCI mapping on sPUSCH for 3-symbol TTI
On the other hand, for 2-symbol TTI comprised of 1 DMRS and 1 data symbol, the legacy mapping rule cannot be straightforwardly applied due to the lack of time domain resource. Thus, the following option can be considered. RI and CQI/PMI are also mapped on the nearest symbol to DMRS. RI and CQI/PMI can be mapped from the opposite way from HARQ-ACK mapping in frequency domain (i.e., RI and CQI/PMI mapping from the first frequency index and HARQ-ACK mapping from the last frequency index). Given that RI has higher priority than CQI/PMI, RI can be mapped from the first frequency index followed by CQI/PMI to avoid puncturing by HARQ-ACK as possible. Note that in case of 3-symbol TTI comprised of 1 DMRS, 1 data symbol, and 1 SRS symbol, the same rule can be applied. Figure 3 illustrates the example of UCI mapping on sPUSCH for 2-symbol TTIs.
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Figure 3. UCI mapping on sPUSCH for 2-symbol TTI
Proposal 1: For UCI mapping on sPUSCH, the legacy rule is reused for 7-symbol TTI. For 2/3-symbol TTI, the legacy rule can be also reused with some modification taking into account the number of available symbols for a sTTI and DMRS placement. 
Another consideration point is how to map UCI onto sTTI without DMRS for 2-symbol TTI. In this case, the following options can be considered.
· Option 1: Assuming that DMRS is located in the previous sTTI of the sTTI without DMRS, the above UCI mapping rule can be applied. For example, HARQ-ACK is mapped on the first symbol and RI is mapped on the second symbol. 

· Option 2: Depending on the DMRS position configuration, UCI mapping rule can be determined. For example, in case of {D D} in sTTI#1, HARQ-ACK is mapped on the first symbol and RI is mapped on the second symbol by assuming that DMRS is located in the previous sTTI of the sTTI without DMRS. On the other hand, in case of {D D | R} in sTTI#1, RI is mapped on the first symbol and HARQ-ACK is mapped on the second symbol.
· Option 3: UCI is not mapped onto the sTTI without DMRS. In other words, UCI is mapped onto only the sTTI with self-contained DMRS.

Proposal 2: Regarding how to map UCI onto sTTI without DMRS for 2-symbol TTI, the following alternatives can be taken into account for down-selection:
· Option 1: Assuming that DMRS is located in the previous sTTI of the sTTI without DMRS, the above UCI mapping rule can be applied. For example, HARQ-ACK is mapped on the first symbol and RI is mapped on the second symbol. 

· Option 2: Depending on the DMRS position configuration, UCI mapping rule can be determined. For example, in case of {D D} in sTTI#1, HARQ-ACK is mapped on the first symbol and RI is mapped on the second symbol by assuming that DMRS is located in the previous sTTI of the sTTI without DMRS. On the other hand, in case of {D D | R} in sTTI#1, RI is mapped on the first symbol and HARQ-ACK is mapped on the second symbol.

· Option 3: UCI is not mapped onto the sTTI without DMRS. In other words, UCI is mapped onto only the sTTI with self-contained DMRS.

It was agreed that the beta offset values for sPUSCH and PUSCH are independently configured. The remaining issue is whether or not to define the beta offset value for sPUSCH per UL sTTI length. Our preference is to configure the beta offset value for sPUSCH separately between 7-OS and 2/3-OS sPUSCH. 
Proposal 3: the beta offset value for 7-OS and 2/3-OS sPUSCH are independently configured.

It was agreed that in case of collision between sPUSCH and sPUCCH in the same sTTI on a given carrier for a UE, the UE transmits both sPUSCH and sPUCCH if capable and otherwise the UE only sends sPUSCH including UCI of sPUCCH. In order to determine which UCI can be included from sPUCCH onto sPUSCH, various aspects need to be considered such as sTTI length of sPUSCH and/or type of UCI from sPUCCH. 
Proposal 4: In order to determine which UCI can be included from sPUCCH onto sPUSCH, various aspects need to be considered such as sTTI length of sPUSCH and/or type of UCI from sPUCCH. 

3. Conclusions

In this contribution, we discussed several aspects regarding UCI on sPUSCH. Based on the above discussions, our proposals are given as follows:

Proposal 1: For UCI mapping on sPUSCH, the legacy rule is reused for 7-symbol TTI. For 2/3-symbol TTI, the legacy rule can be also reused with some modification taking into account the number of available symbols for a sTTI and DMRS placement. 
Proposal 2: Regarding how to map UCI onto sTTI without DMRS for 2-symbol TTI, the following alternatives can be taken into account for down-selection:
· Option 1: Assuming that DMRS is located in the previous sTTI of the sTTI without DMRS, the above UCI mapping rule can be applied. For example, HARQ-ACK is mapped on the first symbol and RI is mapped on the second symbol. 

· Option 2: Depending on the DMRS position configuration, UCI mapping rule can be determined. For example, in case of {D D} in sTTI#1, HARQ-ACK is mapped on the first symbol and RI is mapped on the second symbol by assuming that DMRS is located in the previous sTTI of the sTTI without DMRS. On the other hand, in case of {D D | R} in sTTI#1, RI is mapped on the first symbol and HARQ-ACK is mapped on the second symbol.

· Option 3: UCI is not mapped onto the sTTI without DMRS. In other words, UCI is mapped onto only the sTTI with self-contained DMRS.

Proposal 3: the beta offset value for 7-OS and 2/3-OS sPUSCH are independently configured.
Proposal 4: In order to determine which UCI can be included from sPUCCH onto sPUSCH, various aspects need to be considered such as sTTI length of sPUSCH and/or type of UCI from sPUCCH. 
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