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1 Introduction

In RANP meeting #72 [1], “New Work Item on shortened TTI and processing time for LTE” was agreed and one objective of the WID is:
For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· 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

This contribution discusses uplink control information (UCI) transmission for sTTI. First the possible scenarios of overlap between sPUCCH and sPUSCH in time domain are discussed and then candidate schemes on how to transmit UCI and sPUSCH for sTTI if UE is not configured with a simultaneous sPUCCH and sPUSCH transmission are addressed. 
2 Overlap between sPUCCH and sPUSCH
According to WID [1], it was assumed that sTTI lengths are 2-symbol and 1-slot for sPDSCH/sPDCCH and 2-symbol, 4-symbol and 1-slot for sPUCCH/sPUSCH. Since multiple TTI lengths may be supported for one UE, it is highly possible that sPUCCH and sPUSCH have an overlap in time domain. To illustrate these scenarios simply, two kinds TTI of different durations for both downlink and uplink transmission are assumed, e.g., 2-symbol sTTI and 1ms TTI. Also, it is assumed that the timing relationships between PDSCH/sPDSCH reception and HARQ-ACK feedback, as well as between UL grant reception and PUSCH/sPUSCH transmission are both n+4 for example.  
· Case 1: overlap between sPUCCH and sPUSCH with equal length
As shown in Figure 1a, TTI lengths for DL carrier and UL carrier are 2-symbol. If one UE is scheduled with sPDSCH reception in sTTI 5 of subframe n, it is supposed to transmit HARQ-ACK/sPUCCH on sTTI 2 of subframe n+1. At the meantime, if this UE also receives a UL grant in sTTI 5 in subframe n, it shall transmit a sPUSCH on sTTI 2 in subframe n+1. Therefore, sPUCCH and sPUSCH would have overlap on sTTI 2 in subframe n+1.
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Figure 1a: overlap between sPUCCH and sPUSCH with equal length
· Case 2: overlap between a longer sPUCCH and a shorter sPUSCH 
In previous meeting, it was agreed that a UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI PDSCH unicast. Since generally processing time will be shorter if the TTI duration is shorter, a longer sPUCCH carrying HARQ-ACK corresponding to a longer sPDSCH transmission and a shorter sPUSCH corresponding to UL grant in a shorter sPDCCH would have overlap in time domain.
As shown in Figure 1b, UE is scheduled with 1 ms TTI transmission in subframe n and 2-symbol sTTI transmission in subframe n+1~n+4, and TTI length for sPUSCH is 2-symbol. If one UE is scheduled with 1ms PDSCH transmission in subframe n, it is supposed to transmit HARQ-ACK/PUCCH on subframe n+4. Meanwhile, if this UE receives UL grant(s) in any sTTI(s) between sTTI 3 of subframe n+3 and sTTI 2 of subframe n+4, it shall transmit sPUSCH(s) on corresponding sTTI(s) of subframe n+4. Therefore, 1ms PUCCH and 2-symbol sPUSCH would be overlapped in subframe n+4.
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Figure 1b: overlap between a longer sPUCCH and a shorter sPUSCH 
A longer sPUCCH and a shorter sPUSCH may also overlap in case that TTI length is independently configured for different uplink channels, e.g., sPUCCH TTI duration is longer than sPUSCH duration, or in carrier aggregation scenario, e.g., one UE is configured with multiple DL carriers and different carriers have different TTI lengths. 
· Case 3: overlap between a shorter sPUCCH and a longer sPUSCH 
Since TTI length for DL and UL can be different, assume the DL TTI length is 2OS and the UL TTI length is 1ms. As shown in Figure 1c, if one UE receives a UL grant in subframe n and it is supposed to transmit a corresponding PUSCH in subframe n+4, and meanwhile it receives sPDSCH transmissions in any sTTI(s) between sTTI 3 of subframe n+3 and sTTI 2 of subframe n+4, then this UE shall transmit both 1ms PUSCH and 2-symbol HARQ-ACK(s)/sPUCCH(s) in subframe n+4. Therefore, 2-symbol sPUCCH and 1ms PUSCH would be overlapped in subframe n+4.
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Figure 1c: overlap between a shorter sPUCCH and a longer sPUSCH 
A shorter sPUCCH and a longer sPUSCH may also overlap in case that sPUCCH TTI duration is shorter than sPUSCH duration, or in carrier aggregation scenario, e.g., one UE is configured with multiple DL carriers and different carriers have different TTI lengths.
Based on discussion above, we have the following observation: 
Observation: a sPUCCH and a sPUSCH may be totally or partially overlapped. 

Note that the same overlap cases may also happen between a longer sPUCCH and a shorter sPUCCH, for example, UE is supposed to transmit HARQ-ACKs corresponding to 1ms TTI and sTTI respectively in the same subframe.

3 Candidate schemes of UCI on sPUSCH

If UE is not configured with a simultaneous sPUCCH and sPUSCH transmission, how to transmit UCI (may include CQI, RI, PMI and/or HARQ-ACK) and sPUSCH for all the above overlap cases shall be studied.

3.1 Overlap of sPUCCH and sPUSCH with equal duration
For case 1, UCI piggyback onto sPUSCH is a straightforward solution. In this section, UCI mapping for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUSCH are discussed respectively [2].
· 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. There are two candidate methods for UCI on 2-symbol sPUSCH:

Method 1: For sPUSCH with DMRS, HARQ-ACK (A/N), CQI and/or RI are mapped on the same symbol. RI and CQI could be piggybacked at the front of the symbol by rate matching and HARQ-ACK could be mapped at the bottom of the symbol by puncturing sPUSCH. In addition, RI could be mapped on top of CQI in case HARQ-ACK mapping may puncture some resource in control region. For PUSCH without DMRS, following the same principle, RI and CQI could be transmitted in front of sPUSCH. HARQ-ACK could be mapped at the bottom of one symbol which is close to DMRS symbol by puncture. Figure 2a gives an example.
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 Figure 2a: UCI on 2-symbol sPUSCH (method 1)
Method 2: To simplify specification and implementation, non-continuous UCI mapping shown in Figure 2b is studied. Assume the scheduled sPUSCH band can be split into N subbands (N=4 in Figure 2b), these subbands could be considered as a longer time-domain and shorter frequency-domain resource, so UCI could be mapped on such a resource in legacy method. This method has less specification impact. 
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Figure 2b: UCI on 2-symbol sPUSCH (method 2)
· 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 3 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 3: UCI on 4-symbol sPUSCH 

· UCI on 0.5ms sPUSCH
Following the same principle, legacy UCI mapping rules could be reused for UCI on 1-slot sPUSCH. Figure 4 gives an example. 
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Figure 4: UCI on 1-slot sPUSCH 
Proposal 1: reuse legacy UCI mapping rules for UCI on 4-symbol sPUSCH and 1-slot sPUSCH. 
3.2 Overlap of sPUCCH and sPUSCH with unequal duration
This section discusses how to transmit UCI and sPUSCH for overlap of sPUCCH and sPUSCH with unequal duration.

· sPUCCH duration is longer than sPUSCH
Here takes 1ms PUCCH and 2-symbol sPUSCH for example, other TTI lengths could follow the same principle. Since PUCCH is longer than sPUSCH, partial or total symbols of PUCCH may be overlapped with sPUSCH. In order to make sure partial PUCCH can carry effective information, a long PUCCH could be split into multiple segments and each segment is used to transmit all the information bits of UCI. Figure 5a gives an example structure of 1ms PUCCH for sTTI UE, where 1ms PUCCH comprises 7 segments and each segment carry the same UCI bits. 
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Figure 5a: 1 ms PUCCH structure for sTTI UE 
Figure 5b illustrates one solution for collision between PUCCH and sPUSCH. If at least one segment of PUCCH is not overlapped with sPUSCH, UCI is transmitted on the segment(s) which are not collided with sPUSCH. If all the segments in PUCCH duration are collided with sPUSCH, UCI is piggybacked on the last sPUSCH. Then resource allocated for PUCCH transmission should be blanked. 
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Figure 5b: a longer PUCCH collides with a shorter PUSCH 

Proposal 2: a long PUCCH comprises multiple segments and each segment can carry all the information bits of UCI.
Proposal 3: UCI could be transmitted on partial sPUCCH or piggybacked on the last sPUSCH if a longer sPUCCH and a shorter sPUSCH overlap. 
· sPUCCH duration is shorter than sPUSCH
If sPUCCH duration is shorter than sPUSCH, UCI could be transmitted on the corresponding symbol(s) on sPUSCH. Take 2-symbol sPUCCH and 1ms PUSCH for example, UCI can be piggybacked on the symbols which are supposed to transmit the corresponding sPUCCH. In each sPUCCH TTI, UCI could be mapped close to DMRS symbol as much as possible to improve demodulation performance, as shown in Figure 5c.
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Figure 5c: a shorter PUCCH collides with a longer PUSCH 

Proposal 3: UCI could be transmitted on the corresponding symbol(s) on sPUSCH if a shorter sPUCCH and a longer sPUSCH overlap.
4 Conclusion

In this contribution, the possible scenarios of overlap between sPUCCH and sPUSCH in time domain are discussed and it is observed: 
Observation: a sPUCCH and a sPUSCH may be totally or partially overlapped. 

In addition, candidate schemes on how to transmit UCI and sPUSCH for sTTI UEs which are not configured with a simultaneous sPUCCH and sPUSCH transmission are addressed. For overlap of sPUCCH and sPUSCH with equal duration, the following proposal is made: 
Proposal 1: reuse legacy UCI mapping rules for UCI on 4-symbol sPUSCH and 1-slot sPUSCH. 
For overlap of sPUCCH and sPUSCH with unequal duration, the following proposals are made: 
Proposal 2: a long PUCCH comprises multiple segments and each segment can carry all the information bits of UCI. 

Proposal 3: UCI could be transmitted on the corresponding symbol(s) on sPUSCH if a shorter sPUCCH and a longer sPUSCH overlap.
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