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1 Introduction

In the RAN1#84bis meeting, sTTI operation was discussed and two of the agreements are as below [1]:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or (depends on outcome of FFS above) short TTI PDSCH unicast
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

In the RAN1#86 meeting, short TTI lengths were discussed and it was agreed that the following principles on short TTI length shall be supported for frame structure type 1 [2]:
· The length of sPUCCH is the same or longer than the length of the DL sTTI carrying the associated sPDSCH
· The length of sPUSCH is the same or longer than the length of the DL sTTI carrying the associated UL grant
· The TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE
Based on the above agreements, it can be expect that 1ms TTI and sTTI collision would exist. The contribution mainly discusses the possible collision between sPUCCH/PUCCH and PUSCH/sPUSCH, and the corresponding handling method(s) for each collision case. Collision between sPDSCH/sPUSCH and PDSCH/PUSCH is discussed in our companion contribution [3] and collision between PUCCH and sPUCCH is discussed in our companion contribution [4].     
2 Collision between sPUCCH and sPUSCH
Based on the agreements from RAN1#84bis meeting and RAN1#86 meeting, it can be expect that three collision cases would exist between PUCCH/sPUCCH and sPUSCH/PUSCH, including sPUCCH and sPUSCH collision, PUCCH and sPUSCH collision, and sPUCCH and PUSCH collision. This section mainly discusses sPUCCH and sPUSCH collision. Here we take a UE configured dynamically to 2-symbol sTTI and 1ms TTI as an example to illustrate the overlap cases. Note that n+6 HARQ timing is assumed between DL data and DL HARQ feedback and between UL grant and UL data. And it is assumed that 1ms TTI contains 6 sTTI. As shown in Figure 1, one UE is scheduled with a sPDSCH and a UL grant simultaneously at sTTI5 of subframe n, and it is supposed to transmit DL HARQ and sPUSCH at sTTI5 of subframe n+1. As a result, there is collision between sPUCCH and sPUSCH on sTTI5 of subframe n+1.
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Figure 1: Collision between sPUCCH and sPUSCH with equal sTTI length

Similar scheme for collision between PUCCH and PUSCH in the current LTE system can be reused for this collision case. That is, if the UE is configured for simultaneous transmission of sPUCCH and sPUSCH, the UE will transmit sPUCCH and sPUSCH simultaneously, where at least HARQ-ACK is transmitted on the sPUCCH. If the UE is not configured for simultaneous transmission of sPUCCH and sPUSCH, the sUCI is transmitted on sPUSCH and the UE only transmits the sPUSCH with sUCI. Details of sUCI on sPUSCH are discussed in our companion contribution [5]. 

Proposal 1: For collision between sPUCCH and sPUSCH,

· Transmitting sPUCCH and sPUSCH simultaneously if the UE is configured for simultaneous transmission of sPUCCH and sPUSCH

· Transmitting sUCI on sPUSCH if the UE is not configured for simultaneous transmission of sPUCCH and sPUSCH   
3 Collision between PUCCH and sPUSCH
As discussed in section 2, it would exist the collision of PUCCH and sPUSCH. An example is as shown in Figure 2 with the same assumption given in section 2, where one UE is scheduled with 1 ms PDSCH in subframe n and 2-symbol sPUSCH transmission in subframe n+4. As the HARQ feedback corresponding to PDSCH in subframe n is supposed to be transmitted in PUCCH in subframe n+4, 1ms PUCCH and 2-symbol sPUSCH would be overlapped in subframe n+4.
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Figure 2: Collision between PUCCH and sPUSCH 
Two candidate methods can be considered for PUCCH and sPUSCH collision case. Here we take 1ms PUCCH and 2-symbol sPUSCH as an example, collision case between 1ms PUCCH and 4-symbol sPUSCH or 1-slot sPUSCH could follow the same principle.  

Method 1: splitting 1ms PUCCH into multiple segments and dropping overlapped segments

Since partial or total symbols of PUCCH may be overlapped with sPUSCH for one UE, to make sure partial PUCCH can carry effective information, a new 1ms-PUCCH structure for sTTI UE may be considered. Such a 1ms-PUCCH could be split into multiple segments and each segment is used to transmit all the information bits of UCI. Figure 3 gives an example structure of 1ms PUCCH for sTTI UE, where 1ms PUCCH comprises 6 segments and each segment carry the same UCI bits. 
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Figure 3: 1 ms PUCCH structure for sTTI UE 

Figure 4 illustrates one solution for collision between PUCCH and 2-symbol sPUSCH. If at least one segment of PUCCH is not overlapped with sPUSCH, UCI is transmitted on the segment(s) which doesn’t collide with sPUSCH. If all the segments in PUCCH duration collide with sPUSCH, UCI is piggybacked on the last sPUSCH. 
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Figure 4: Handling of PUCCH and sPUSCH collision (method 1) 

Method 2: Transmit both sPUSCH and PUCCH by puncturing PUCCH on corresponding slot/symbols.

For collision between PUCCH format 1/1a/1b/3 and sPUSCH, the corresponding slot of PUCCH should be dropped to avoid causing inter-UE interference due to non-orthogonal OCC, while the UE can still transmit PUCCH on the other slot given no sPUSCH on this slot. As shown in Figure 5, for PUCCH format 1/1a/1b/3, if the sPUSCH only comes on one slot, PUCCH on this slot is dropped while the PUCCH on the other slot can still be transmitted without causing inter-UE interference. In case multiple sPUSCHs are scheduled in both slots, all symbols for PUCCH may need to be dropped, the UCI especially 1ms HARQ-ACK can be piggybacked on sPUSCH.
[image: image5.emf]   

1ms

sPUSCH

PUCCH format 

UL Grant  1

dropped

1ms

sPUSCH

PUCCH format 

UL Grant  2

dropped

PUCCH

sPUSCH

A/N

dropped


Figure 5: Handling of PUCCH (PUCCH format 1/1a/1b/3) and sPUSCH collision (method 2)
For collision between PUCCH format 2 and sPUSCH, considering that eNB would not schedule a sPUSCH on an expected PUCCH subframe if it is not urgent, sPUSCH shall have a higher priority. Therefore, the overlapped symbols of PUCCH shall be dropped to guarantee sPUSCH transmission, while UE may or may not transmit PUCCH on the other symbols. UCI carried in PUCCH could be piggybacked on the sPUSCH, as shown in Figure 6.
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Figure 6: Handling of PUCCH (PUCCH format 2) and sPUSCH collision (method 2)
No matter whether method 1 or method 2 is used for PUCCH and sPUSCH collision, it may need to support UCI (at least HARQ-ACK) on sPUSCH. Details can be the same as that for sUCI on sPUSCH as discussed in our companion contribution [5].  

Proposal 2: For collision between PUCCH and sPUSCH, adopt one of the following methods:

· Split 1ms PUCCH into multiple segments and drop overlapped segment(s). Piggyback UCI on sPUSCH if all the segments are overlapped. 
· Piggyback UCI on sPUSCH and drop the overlapped slot/symbols of PUCCH to avoid causing inter-UE interference.
4 Collision between sPUCCH and PUSCH
Since TTI length for DL and UL can be different, as shown in Figure 7, if one UE receives a UL grant in subframe n for 1ms PUSCH transmission in subframe n+4, meanwhile, it receives sPDSCH transmissions in any sTTI(s) in subframe n+3, then there is collision between 1ms PUSCH and 2-symbol HARQ-ACK(s)/sPUCCH(s) in subframe n+4. 
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Figure 7: Collision between sPUCCH and PUSCH 
The following two methods can be considered for sPUCCH and PUSCH collision.

Method 1: Transmit both sPUCCH and PUSCH with puncturing PUSCH on the corresponding slot/symbols.

One problem for this method is that it may result in that the DMRS for PUSCH is punctured if the overlapped symbols including the DMRS symbol for PUSCH, which would result in much performance loss for PUSCH. 
Method 2: Transmit sUCI on the PUSCH.
For sPUCCH and PUSCH collision, sUCI could be transmitted on the PUSCH. Further, sUCI could be transmitted on the corresponding symbol(s) on PUSCH. Take 2-symbol sPUCCH and 1ms PUSCH as an 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 8.
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Figure 8: sPUCCH collides with PUSCH 
However, one disadvantage is that if the sPUCCH is earlier than the DMRS of PUSCH, it may increase the latency for decoding sUCI because it needs to wait for the receiving of the DMRS. One way to solve this problem is that sUCI piggybacked on PUSCH is only applied for sPUCCH(s) that is not earlier than the DMRS of PUSCH. That is, if the sPUCCH is earlier than the DMRS of PUSCH, e.g. sPUCCH is on the 1st sTTI of the subframe, the UE can transmit sHARQ-ACK on sPUCCH while dropping PUSCH transmission; otherwise the UE can piggyback sHARQ-ACK on PUSCH on the same symbol(s) of sPUCCH while dropping sPUCCH. As shown in figure 9, if the sPUCCH collides with PUSCH on the 1st sTTI, the sHARQ-ACK should be transmitted on sPUCCH while dropping PUSCH; otherwise the sHARQ-ACK should be piggybacked on PUSCH.
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Figure 9 Transmit sHARQ-ACK on which channel depends on sPUCCH time.
Proposal 3: For collision between sPUCCH and PUSCH, the following method can be considered for handling the collision:

· if the sPUCCH is earlier than the DMRS of PUSCH, the UE should transmit sHARQ-ACK on sPUCCH while puncturing PUSCH transmission; 

· otherwise the UE should piggyback sHARQ-ACK on PUSCH.
5 Conclusion

The contribution mainly discusses the possible collision between sPUCCH/PUCCH and PUSCH/sPUSCH, and the corresponding handling method(s) for each collision case. Based on the above discussion, we have the following proposals: 
Proposal 1: For collision between sPUCCH and sPUSCH,

· Transmitting sPUCCH and sPUSCH simultaneously if the UE is configured for simultaneous transmission of sPUCCH and sPUSCH

· Transmitting sUCI on sPUSCH if the UE is not configured for simultaneous transmission of sPUCCH and sPUSCH
Proposal 2: For collision between PUCCH and sPUSCH, adopt one of the following methods:
· Split 1ms PUCCH into multiple segments and drop overlapped segment(s). Piggyback UCI on sPUSCH if all the segments are overlapped. 
· Piggyback UCI on sPUSCH and drop the overlapped slot/symbols of PUCCH to avoid causing inter-UE interference.
Proposal 3: For collision between sPUCCH and PUSCH, the following method can be considered for handling the collision:
· if the sPUCCH is earlier than the DMRS of PUSCH, the UE should transmit sHARQ-ACK on sPUCCH while puncturing PUSCH transmission; 

· otherwise the UE should piggyback sHARQ-ACK on PUSCH.
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