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1 Introduction
In RAN1 #84bis meeting, sTTI operation was discussed and it was agreed that [1]:
Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)

· Dropping/prioritization rules (if any) are FFS
Agreements:

· 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]:

Agreements:
· 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 with respect to different scheduling and/or HARQ timing. In this contribution, we discuss the collision of sPUSCH and 1ms PUSCH, sPUCCH and 1ms PUCCH, sPUSCH and 1ms PUCCH, as well as sPUCCH and 1ms PUSCH on the same carrier. Preferred alternatives are provided for these collision cases.
2 Discussion on 1ms PUSCH and sPUSCH collision
2.1 Transmission of PUSCH and sPUSCH

Collision of PUSCH and sPUSCH occurs when sPUSCH is scheduled in a subframe where a PUSCH has been scheduled by an earlier UL grant. If the sPUSCH is scheduled on the same frequency resources with PUSCH, then PUSCH has to be punctured to guarantee the priority of sPUSCH. If sPUSCH is scheduled on different frequency resources, transmitting both PUSCH and sPUSCH would lead to power control issues. For example, it may result in different transmitting power on different symbols for PUSCH and would require a more complicated power control scheme. For simplicity, it is preferred that the UE will only transmit sPUSCH on the overlapped symbols, no matter whether there is overlapped PRB(s) for the sPUSCH and PUSCH. As to whether to transmit PUSCH on the non-overlapped symbols, there are different collision cases and it is possible that the best ways for different collision cases are different. For example, UE could stop PUSCH transmission after sPUSCH, i.e., non-overlapped symbols after sPUSCH are also dropped, e.g. if most of the symbols and/or the DMRS symbols collide with sPUSCH. Alternatively, UE could only puncture the overlapped symbols and continue PUSCH transmission on non-overlapped symbols, e.g., if only limited data symbols collide with sPUSCH. For simplicity, it is preferred that UE shall transmit PUSCH on the non-overlapped symbols. That is, PUSCH is transmitted with puncturing the overlapped symbols.   
2.2 Handling of UCI on PUSCH in case of collision

As discussed in section 2.1, for the collision of PUSCH and sPUSCH, PUSCH is transmitted with puncturing the overlapped symbols. For different collision cases, the punctured symbols are different and thus it is possible that the impact on UCI is also different. And since different UCI types are mapped on different symbols on PUSCH, the impact on different UCI type would be different also. 
If the symbols of PUSCH that should originally carry UCI are punctured in case of collision with sPUSCH(s), there are possible the following two options to handle this UCI information: 

Opt. 1: UCI on PUSCH is dropped on the colliding symbols. This may negatively impact the performance of 1ms TTI especially for the dropping of HARQ-ACK.
Opt. 2: Piggyback at least partial UCI on sPUSCH. Considering the critical impact of HARQ-ACK, at least HARQ-ACK for PDSCH can be piggybacked to sPUSCH to guarantee the reliability of 1ms TTI. CSI can be dropped considering its lower priority. 
Opt. 2 is preferable for reducing the impact on 1ms TTI. The mapping of UCI on sPUSCH can follow a similar manner with sUCI on sPUSCH, details can be found in [3]. Though different collision cases may have different impact on different UCI types, unified rule is preferred for simplicity.  
If more than one sPUSCHs are overlapped with PUSCH, the UCI can be carried on one sPUSCH of them. Alternatively, to improve the coverage of UCI, the UCI can be repeatedly transmitted on all of the overlapped sPUSCHs. Some detailed design of UCI on sPUSCH can refer to our companion contribution [3].
Proposal 1: For the collision of PUSCH and sPUSCH, 

· sPUSCH(s) should be transmitted
· PUSCH is punctured on the colliding symbols
· At least partial UCI information, e.g. HARQ-ACK, should be piggybacked on sPUSCH(s)
3 Handling of 1ms PUCCH and sPUCCH collision

Based on the agreements from the RAN1#84bis meeting and RAN1#86 meeting, it can be expected that PUCCH and sPUCCH collision would exist with respect to different HARQ timing. For example, assuming symmetric (s)PDSCH and (s)PUCCH length, i.e. UE carrying the HARQ-ACK for 1ms PDSCH on PUCCH while sHARQ-ACK on sPUCCH, collision of PUCCH and sPUCCH may occur due to different HARQ timing for 1ms PDSCH and sPDSCH. An example is shown in Figure 1. In addition, it is possible that PUCCH and/or sPUCCH would be used to transmit other uplink control information like CSI and SR also, and similar PUCCH and sPUCCH collision may also happen.  
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Figure 1 Collision between PUCCH and sPUCCH
Assuming UCI is the uplink control information originally to be transmitted on PUCCH, and sUCI is the uplink control information originally to be transmitted on sPUCCH, the following alternatives can be considered for handling the PUCCH and sPUCCH collision: 

Alt. 1: Simultaneously transmit PUCCH and sPUCCH.

With this alternative, both UCI on PUCCH and sUCI on sPUCCH can be transmitted. However, it requires higher UE capability to support simultaneous transmission of sPUCCH and PUCCH in the same subframe. Moreover, it will result in some power control issues. For example, it may result in different transmitting power on different symbols for PUCCH and/or would require a more complicated power control scheme. Therefore, Alt. 1 is not preferred.

Alt. 2: Transmit PUCCH and drop sPUCCH
It can transmit both UCI and sUCI on PUCCH and it may provide improved coverage for sUCI, but in some cases, it is possible that there may be not enough time for UE to get the PUCCH ready after receiving a late sPDSCH, e.g., sPDSCH(s) at the end of subframe #n+3 as shown in Figure 1. In addition, it may increase the latency for the service transmitted on sPDSCH Therefore, Alt. 2 is not preferred.

Alt. 3: Transmit sPUCCH and drop PUCCH
Both UCI and sUCI can be carried on sPUCCH. This alternative could avoid the power control issue as compared to Alt. 1 and provide guaranteed latency of sPDSCH as compared to Alt. 2. But it can be expected that the coverage of UCI would be negatively impacted by carrying UCI on sPUCCH and it is possible to have impact on the performance of sUCI. Therefore, it is not good to always piggyback UCI on sPUCCH and drop PUCCH.

Alt. 4: Transmit sPUCCH by puncturing PUCCH on the part(s) with collision
With this alternative, PUCCH is punctured on the part(s) with collision. For example, for PUCCH format 1/1a/1b/3, the colliding slot of PUCCH should be punctured considering that puncturing part of the symbols would cause inter-UE interference due to non-orthogonal OCC, while the PUCCH on the other slot can still be transmitted without causing inter-UE interference. As an example in Figure 2 (a), if the sPUCCH is to be transmitted only on the first slot, PUCCH is punctured on the first slot while the second slot can still be transmitted. For PUCCH format 2/2a/2b, the colliding symbols of PUCCH can be punctured, while PUCCH can still be transmitted on the other symbols as shown in Figure 2 (b). Alternatively, slot puncturing can be performed for format 2/2a/2b to keep consistent with format 1/1a/1b/3. For PUCCH format 4/5, it can also be considered to puncture PUCCH by sPUCCH on the colliding symbols if the coding of PUCCH is reliable and the impact of puncturing is not critical.
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Figure 2 Examples of transmitting both sPUCCH and PUCCH by puncturing PUCCH on the part(s) with collision 
For Alt. 4, it can be expected that it would exist the case that the whole PUCCH is punctured. For example, sPUCCHs would appear on both slots for PUCCH format 1/1a/1b/3. In such case, Alt. 4 falls back to Alt. 3, and it would be beneficial to piggyback UCI on sPUCCH instead of dropping. Considering higher priority of HARQ-ACK, at least the HARQ-ACK originally to be transmitted on PUCCH can be piggybacked on sPUCCH. On the other hand, if only partial PUCCH is punctured, e.g., only one slot for PUCCH format 1/1a/1b/3 or partial symbols for PUCCH format 2/2a/2b/4/5 is punctured while remaining PUCCH is to be transmitted, it can also be considered to piggyback the UCI on the punctured part of PUCCH to sPUCCH to improve the reliability of UCI.

Alt. 4 can enable transmitting both UCI and sUCI. And as Alt. 3, it could avoid the power control issue as compared to Alt. 1 and provide guaranteed latency of sPDSCH as compared to Alt. 2. In addition, compared to Alt. 3, it can reduce the impact on the performance of UCI and sUCI. Therefore, Alt. 4 is preferred.

Proposal 2: For the collision of PUCCH and sPUCCH,

· sPUCCH(s) should be transmitted

· PUCCH is punctured on colliding slot(s)/symbol(s)

· For PUCCH format 1/1a/1b/3, PUCCH is is punctured on the colliding slot(s)
· For PUCCH format 2/2a/2b/4/5, PUCCH is punctured on the colliding symbols

· At least partial UCI information, e.g. HARQ-ACK, should be piggybacked on sPUCCH(s) 

As discussed above, the whole PUCCH or most parts of the PUCCH would be dropped/punctured, and then it would be beneficial to transmit UCI on sPUCCH. In this case, the following aspects can be further studied.

UL sTTI(s) selection for transmitting UCI (e.g. HARQ-ACK)

As shown in Figure 1, we can see that it is possible that one PUCCH would collide with several sPUCCH(s). Therefore it needs to further study which sPUCCH(s) to be selected to transmit the UCI and sUCI. One candidate solution is that UCI will be transmitted on a fixed sTTI, e.g., the first or the last UL sTTI regardless whether there is sUCI to be transmitted on that sTTI. However, it needs to further decide how to determine the sPUCCH resource if there is no sUCI to be transmitted. Another candidate solution is that UCI will be transmitted on a predefined sPUCCH which also carries sUCI, e.g., the first or the last sPUCCH. One more solution to be considered is that the UCI (e.g. HARQ-ACK) can be transmitted on all the sPUCCH(s) by repeatedly transmitting UCI, which may be helpful for improving the reliability of HARQ-ACK.

Ambiguous case due to missing DCI or sDCI

Ambiguity may happen if UE misses either DCI or sDCI. For example, as shown in Figure 3 (a), if the UE misses the DL grant for 1ms PDSCH and only feeds back sHARQ-ACK, there is mismatch between UE and eNB on the number of feedback bit. One possible way to solve this problem is to fix the number of HARQ-ACK bits by always assuming both HARQ-ACK and sHARQ-ACK should be carried as shown in Figure 3 (b). Another possible way is that a DAI-like signaling can be introduced in sDCI to reduce the total HARQ-ACK bits on sPUCCH. For example, the DAI-like signaling can be used to indicate whether 1ms PDSCH is scheduled or not, so that the UE could feedback both HARQ-ACKs if both PDSCH and sPDSCH are scheduled, and feedback only sHARQ-ACK otherwise.
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Figure 3 Example of ambiguous case and the corresponding solution
sPUCCH payload determination

In case HARQ-ACK and sHARQ-ACK need to be transmitted on sPUCCH, larger payload sPUCCH format is required. Alternatively, bundling can be performed to reduce the payload.

Opt. 1: Performing spatial bundling. Spatial bundling can be performed for PDSCH and/or sPDSCH. The total HARQ-ACK payload can be limited to 1-bit HARQ-ACK and 1-bit sHARQ-ACK after bundling and thus small payload sPUCCH format can carry the HARQ-ACK, sHARQ-ACK and/or SR. 

Opt. 2: Performing Cross-TTI-length bundling between HARQ-ACK and sHARQ-ACK. This can also reduce the total HARQ-ACK to 1 or 2 bits. However, the unsuccessfully decoding of 1ms PDSCH leads to retransmission of both PDSCHs even if sPDSCH is correctly decoded. This potentially increases the retransmission time of sPDSCH and has adverse impact on latency reduction.

The priority of HARQ-ACK, CSI and SR

All UCI and sUCI information can be transmitted on sPUCCH if the payload is not heavy. But in case the sPUCCH format cannot support reliable transmission of all UCI information, an alternative is to drop partial UCI information, e.g., CSI, while keeping HARQ-ACK and SR transmitted.
Proposal 3: The following aspects need further study for transmitting both UCI and sUCI on sPUCCH:

· UL sTTI(s) selection for transmitting UCI
· Ambiguous case due to missing DCI or sDCI

· Payload determination
· The priority of HARQ-ACK, CSI and SR
4 Handling of 1ms PUCCH and sPUSCH collision
To illustrate the collision case between PUCCH and sPUSCH, here we take a UE configured dynamically to 2-symbol sTTI and 1ms TTI as an example. 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 4, one UE is scheduled with 1 ms PDSCH in subframe n and 2-symbol sPUSCH transmission in subframe n+4. Since 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 4 Collision between PUCCH and sPUSCH 

Similar to the handling of sPUCCH and PUCCH collision, it should be considered to transmit sPUSCH by puncturing PUCCH on colliding slot/symbols.

In particular, 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, 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. In case sPUSCHs are scheduled in both slots, all symbols for PUCCH may need to be dropped.
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Figure 5 Handling of PUCCH (PUCCH format 1/1a/1b/3) and sPUSCH collision
For collision between PUCCH format 2/2a/2b/4/5 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 punctured to guarantee sPUSCH transmission as shown in Figure 6.
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Figure 6 Handling of PUCCH (PUCCH format 2/2a/2b/4/5) and sPUSCH collision
For the UCI originally to be transmitted on PUCCH, at least partial UCI, e.g., HARQ-ACK can be piggybacked on sPUSCH. Details can be similar as that for sUCI on sPUSCH as discussed in our companion contribution [3]. Similar to the collision of PUCCH and sPUCCH, the UCI could be transmitted on one certain sPUSCH, or all the overlapped sPUSCHs by repeatedly transmitting UCI.
Proposal 4: For the collision of PUCCH and sPUSCH,

· sPUSCH(s) should be transmitted

· PUCCH is punctured on colliding slot(s)/symbol(s)

· At least partial UCI information, e.g. HARQ-ACK, should be piggybacked on sPUSCH(s)
5 Handling of 1ms PUSCH and sPUCCH collision
To illustrate the collision case between sPUCCH and PUSCH, here we assume a UE is configured with different TTI length for DL and UL transmission, for example, 2-symbol for DL and 1ms for UL. 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 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 options can be considered for sPUCCH and PUSCH collision. sHARQ-ACK is taken as an example of sUCI given its high priority.
Opt. 1: Transmit sPUCCH by puncturing PUSCH on the colliding symbols.

One problem for this option 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. 

Opt. 2: Piggyback sHARQ-ACK on PUSCH while dropping sPUCCH.
For sPUCCH and PUSCH collision, sUCI, especially sHARQ-ACK could be piggybacked on the colliding symbol(s) of PUSCH while sPUCCH is dropped. In each sPUCCH TTI, sHARQ-ACK 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 Piggyback sHARQ-ACK on PUSCH 
However, one disadvantage is that if the sPUCCH is earlier than the DMRS of PUSCH, it may increase the latency for decoding sHARQ-ACK because the eNB needs to wait for the receiving of the DMRS. Therefore, Opt. 3 can be considered as a hybrid of Opt. 1 and Opt. 2.
Opt. 3: Adaptively transmitting sHARQ-ACK on PUSCH or sPUCCH based on sPUCCH position.
sHARQ-ACK 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 to be transmitted on the first sTTI of the subframe, the UE can transmit sHARQ-ACK on sPUCCH while puncturing colliding PUSCH symbols; 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 first sTTI, the sHARQ-ACK should be transmitted on sPUCCH while puncturing PUSCH; otherwise the sHARQ-ACK should be piggybacked on PUSCH.
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Figure 9 Transmitting sHARQ-ACK on which channel depends on sPUCCH time.

Proposal 5: For the collision of sPUCCH and PUSCH, the transmission of sPUCCH or PUSCH can be based on the position of sPUCCH:

· If the sPUCCH is earlier than the DMRS of PUSCH, the UE should transmit sHARQ-ACK on sPUCCH while puncturing PUSCH on colliding symbols
· Otherwise the UE should piggyback sHARQ-ACK on PUSCH

6 Conclusion

In this contribution, we analyzed the collision of sTTI and 1ms TTI in the same carrier, including sPUSCH and 1ms PUSCH, PUCCH and sPUCCH, PUCCH and sPUSCH, as well as sPUCCH and PUSCH. Based on the discussions, we have the following proposals:
Proposal 1: For the collision of PUSCH and sPUSCH, 

· sPUSCH(s) should be transmitted
· PUSCH is punctured on the colliding symbols
· At least partial UCI information, e.g. HARQ-ACK, should be piggybacked on sPUSCH(s)
Proposal 2: For the collision of PUCCH and sPUCCH,

· sPUCCH(s) should be transmitted

· PUCCH is punctured on colliding slot(s)/symbol(s)

· For PUCCH format 1/1a/1b/3, PUCCH is is punctured on the colliding slot(s)
· For PUCCH format 2/2a/2b/4/5, PUCCH is punctured on the colliding symbols

· At least partial UCI information, e.g. HARQ-ACK, should be piggybacked on sPUCCH(s) 

Proposal 3: The following aspects need further study for transmitting both UCI and sUCI on sPUCCH:

· UL sTTI(s) selection for transmitting UCI
· Ambiguous case due to missing DCI or sDCI

· Payload determination
· The priority of HARQ-ACK, CSI and SR
Proposal 4: For the collision of PUCCH and sPUSCH,

· sPUSCH(s) should be transmitted

· PUCCH is punctured on colliding slot(s)/symbol(s)

· At least partial UCI information, e.g. HARQ-ACK, should be piggybacked on sPUSCH(s)
Proposal 5: For the collision of sPUCCH and PUSCH, the transmission of sPUCCH or PUSCH can be based on the position of sPUCCH:

· If the sPUCCH is earlier than the DMRS of PUSCH, the UE should transmit sHARQ-ACK on sPUCCH while puncturing PUSCH on colliding symbols
· Otherwise the UE should piggyback sHARQ-ACK on PUSCH
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