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1 Introduction
In RAN1 #90bis meeting, collision of sTTI and TTI in UL was discussed and it was agreed that [1]:
Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

- The feedback on sPUSCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Agreement:
When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK of PUSCH before mapping onto sPUSCH is supported.

- For 7os sPUSCH spatial bundling is applied when configured, for 2/3os sPUSCH spatial bundling is always applied

- FFS other bundling

Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUCCH and sPUSCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK of PUCCH before mapping onto sPUSCH is supported.

- For 7os sPUSCH spatial bundling is applied when configured, for 2/3os sPUSCH spatial bundling is always applied

- FFS other bundling

Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and sPUCCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

- The feedback on sPUCCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and 2/3-OS sPUCCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK of PUCCH before mapping onto 2/3-OS sPUCCH is always applied.

- FFS other bundling

In this contribution, we discuss the remaining issues for the HARQ-ACK mapping rule for the collision cases of 1ms PUCCH with sPUCCH/sPUSCH, and 1ms PUSCH with sPUSCH. The transmission and HARQ-ACK mapping for collision case of 1ms PUSCH with sPUCCH are also analyzed. 
2 Handling of 1ms HARQ-ACK on sTTI
According to the agreements from RAN1 #90bis meeting, the 1ms HARQ-ACK and sHARQ-ACK should be jointly coded on UL sPUCCH/sPUSCH which collides with 1ms PUCCH, and on sPUSCH which collides with 1ms PUSCH. In addition, following points need further discussion.

The number of 1ms HARQ-ACK bits in UL sTTI

For the HARQ-ACK piggyback in case of collision of PUCCH and sPUCCH, following candidate alternatives were proposed for down selection.
· Option 1: No HARQ-ACK bits are included if no PDCCH is detected. If PDCCH is detected, use option 2.

· Option 2: 

· All HARQ-ACK bits from the configured carriers are always included (fixed codebook size configured)

· The HARQ-ACK bits are determined based on 1 ms DAI in DCI (dynamic codebook size configured)

· Option 3: 

· All HARQ-ACK bits from the configured carriers are always included (fixed codebook size configured)

· The HARQ-ACK bits for 1ms TTI are determined based on 1 ms DAI in sDCI(dynamic codebook size configured)
Considering the 1ms HARQ-ACK could be jointly encoded with sHARQ-ACK on the UL sTTI, mismatch on the number of HARQ-ACK bits on UL sTTI may happen if UE misses 1ms DCI. For example, as shown in Figure 1 (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 understanding of the HARQ-ACK bit number. The eNB is expecting to receive 2bits 1ms HARQ-ACK and sHARQ-ACK while the UE only feeds back 1bit sHARQ-ACK. This causes incorrect reception of sHARQ-ACK, which would harm the robustness and latency of sPDSCH transmission. Therefore, Alt 1 should not be considered.
One possible way to solve the mismatch is to fix the number of 1ms HARQ-ACK bits by always assuming 1ms HARQ-ACK bits of the configured carriers should be carried on the UL sTTI regardless whether all of them are detected. This is applicable when fixed codebook size is configured for 1ms HARQ-ACK.

On the other hand, if dynamic codebook size is configured for 1ms HARQ-ACK, a DAI-like signaling can be used in sDCI to indicate whether to feedback 1ms HARQ-ACK as shown in Figure 1 (b), so that the UE could feedback both HARQ-ACKs if both PDSCH and sPDSCH are scheduled, and feedback only sHARQ-ACK otherwise. E.g., if the DAI indicates the presence of 1ms HARQ-ACK, the UE should include 1ms HARQ-ACK in UL sTTI, where the bit number of 1ms HARQ-ACK could be further determined by DAI in 1ms DCI. Therefore, Option 3 is beneficial for avoiding the ambiguity case and guaranteeing the reliability of sHARQ-ACK feedback.
Note that the mismatch still occurs for Option 2 for dynamic codebook size. E.g., when only single carrier applies for 1ms PDSCH, the UE would not receive 1ms DAI if the UE miss detects the DL grant for that 1ms PDSCH and therefore still incorrectly determines HARQ-ACK bit number in UL sTTI.
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Figure 1. Example of ambiguous case and the corresponding solution
Proposal 1: For 1ms PUCCH and sPUCCH/sPUSCH collision, the HARQ-ACK bits for 1ms TTI is determined as below:  
· For fixed codebook size, all HARQ-ACK bits for 1ms TTI from the configured carriers are always included.
· For dynamic codebook size, 1 bit field in sDCI is used to indicate whether to feedback 1ms HARQ-ACK on the corresponding sPUCCH/sPUSCH, and the HARQ-ACK bits for 1ms TTI are determined based on 1ms DCI if indicated to be fed back on the corresponding sPUCCH/sPUSCH. 

UL sTTI(s) selection for mapping 1ms HARQ-ACK
As shown in Figure 2, it is possible that one UL 1ms TTI would collide with more than one UL sTTI within the subframe. It needs to be discussed for how to select the UL sTTI for mapping the 1ms HARQ-ACK. One candidate way is that 1ms HARQ-ACK can be piggybacked on a fixed UL sTTI that carries sHARQ-ACK, e.g., on the first UL sTTI within this collided UL 1ms TTI subframe. However, considering the 1ms HARQ-ACK is jointly encoded with sHARQ-ACK on the UL sTTI, there may be misunderstanding between eNB and UE for counting of the first UL sTTI if the sPDSCH is missed by the UE. E.g., 1ms HARQ-ACK is supposed to be carried on the first sPUCCH colliding with PUCCH as shown in Figure 2 (a), but the UE would mistakenly count the second sPUCCH as the ‘first’ one when the DL grant for the first sPDSCH is missed. Then the encoded HARQ-ACK bits on the second sPUCCH would be incorrect. 
To resolve this issue, another solution is to repeatedly map the 1ms HARQ-ACK on all collided UL sTTIs. As shown in Figure 2 (b), the eNB would assume every colliding UL sTTI to carry the 1ms HARQ-ACK to guarantee same understanding for the encoded HARQ-ACK bits number between eNB and UE. In addition, repeated 1ms HARQ-ACK on UL sTTIs may be helpful for improving the reliability of HARQ-ACK. Alternatively, the eNB can also use DAI-like signaling in sDCI to indicate the UL sTTI(s) that should carry 1ms HARQ-ACK. E.g., the DAI-like bit can be ‘1’ for the eNB selected UL sTTI(s) that piggyback 1ms HARQ-ACK, and the DAI-like bit can be ‘0’ for other colliding UL sTTI(s).
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Figure 2. PUSCH colliding with more than one sPUSCHs
Proposal 2: If more than one UL sTTI is colliding with UL 1ms TTI, follow two options can be considered:

· Opt.1: 1ms HARQ-ACK can be repeatedly carried on each collided UL sTTIs to avoid ambiguity on the number of HARQ-ACK feedback bits.
· Opt.2: The eNB can use the DAI-like signaling to indicate on which UL sTTI(s) the 1ms HARQ-ACK should be piggybacked.
Bundling for 1ms HARQ-ACK on 2/3-os sPUCCH
It has been agreed to adopt spatial bundling for 1ms HARQ-ACK when transmitted on sPUCCH. Besides, other candidate bundling rules include cross-TTI-length bundling between 1ms HARQ-ACK and sHARQ-ACK, and the bundling of 1ms HARQ-ACK(s).
For cross-TTI-length bundling between 1ms HARQ-ACK and sHARQ-ACK, 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 bundling of 1ms HARQ-ACK(s) occurs when 1ms PDSCHs are transmitted over multiple carriers, where 1ms HARQ-ACKs over these carriers could be bundled to e.g., 1 bit. This save the overhead for 1ms HARQ-ACK while as a sacrifice reducing the efficiency of 1ms HARQ-ACK feedback. Considering channel status over carriers are almost uncorrelated, cross-carrier bundling of 1ms HARQ-ACK would cause inefficient retransmission since any carrier with bad channel quality will harm other carriers with good channel quality. Considering that NACK status after bundling for 1ms carriers would be probably fed back for most of the cases, this feedback bit becomes a useless overhead.
Therefore, it is not suggested to introduce other types of bundling except spatial bundling for 1ms HARQ-ACK on 2/3 OS sPUCCH. The UE could use large payload size sPUCCH to carry jointly encoded HARQ-ACKs. For large sHARQ-ACK bit number, the UE could transmit sHARQ-ACK on large payload size sPUCCH and jointly encode 1ms HARQ-ACK if it needs to be fed back. For small sHARQ-ACK bit number, the UE could transmit sHARQ-ACK on small payload size sPUCCH and switch to large payload size sPUCCH if 1ms HARQ-ACK needs to be fed back on sPUCCH. E.g., if the 1ms HARQ-ACK bit number plus sHARQ-ACK bit number exceeds the maximum bit number supported by small payload size sPUCCH, the UE should switch to large payload size sPUCCH for which the resources could be indicated by ARI in sDCI. 
Proposal 3: Other types of bundling (e.g. carrier bundling) except spatial bundling is not supported for 1ms HARQ-ACK on 2/3-symbol sPUCCH.
3 Handling of PUSCH and sPUCCH collision
The following options can be considered for sPUCCH and PUSCH collision. 
Opt. 1: Transmit sPUCCH and drop/stop the remaining PUSCH. The 1ms HARQ-ACK originally on PUSCH can be piggybacked on sPUCCH similar to the rule of PUCCH and sPUCCH collision. The drawback of this option is that dropping PUSCH instead of puncturing the control information on PUSCH leads to critical performance loss of UL 1ms TTI.
Opt. 2: Drop sPUCCH and transmit PUSCH. The sHARQ-ACK originally on sPUCCH could be piggybacked on the corresponding symbol(s) of PUSCH. In each sPUCCH TTI, sHARQ-ACK could be mapped close to DMRS symbol as much as possible to improve demodulation performance. One disadvantage of this option is that if the sPUCCH is earlier than the DMRS of PUSCH, it may impact the latency for decoding sHARQ-ACK because the eNB needs to wait for the receiving of the DMRS.
Considering the cons of Opt. 1 and Opt. 2, 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. As shown in Figure 3, if the sPUCCH collides with PUSCH on the first sTTI of the subframe, the sPUCCH should be transmitted while the PUSCH is dropped; this could guarantee the latency of sTTI. Otherwise the sPUCCH is dropped and the sHARQ-ACK originally on sPUCCH should be punctured on PUSCH; this could avoid PUSCH performance loss without harming sHARQ-ACK latency.
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Figure 3 Transmitting sHARQ-ACK on which channel depends on sPUCCH time
Proposal 4: For the collision of sPUCCH and PUSCH where the sPUCCH originally carries sHARQ-ACK, the transmission of sPUCCH or PUSCH can be based on the position of sPUCCH:

· If the sPUCCH is on the first sTTI of the colliding subframe, the UE should transmit sPUCCH while dropping PUSCH.
· Otherwise, the sPUCCH is dropped and the sHARQ-ACK is piggybacked on PUSCH by puncturing.
4 Conclusion

This contribution discusses the remaining issues for the collision cases of 1ms PUCCH with sPUCCH/sPUSCH, and 1ms PUSCH with sPUCCH/sPUSCH. Based on the discussions, we have the following proposals:
Proposal 1: For 1ms PUCCH and sPUCCH/sPUSCH collision, the HARQ-ACK bits for 1ms TTI is determined as below:  

· For fixed codebook size, all HARQ-ACK bits for 1ms TTI from the configured carriers are always included.
· For dynamic codebook size, 1 bit field in sDCI is used to indicate whether to feedback 1ms HARQ-ACK on the corresponding sPUCCH/sPUSCH, and the HARQ-ACK bits for 1ms TTI are determined based on 1ms DCI if indicated to be fed back on the corresponding sPUCCH/sPUSCH. 
Proposal 2: If more than one UL sTTI is colliding with UL 1ms TTI, follow two options can be considered:

· Opt.1: 1ms HARQ-ACK can be repeatedly carried on each collided UL sTTIs to avoid ambiguity on the number of HARQ-ACK feedback bits.
· Opt.2: The eNB can use the DAI-like signaling to indicate on which UL sTTI(s) the 1ms HARQ-ACK should be piggybacked.
Proposal 3: Other types of bundling (e.g. carrier bundling) except spatial bundling is not supported for 1ms HARQ-ACK on 2/3-symbol sPUCCH.
Proposal 4: For the collision of sPUCCH and PUSCH where the sPUCCH originally carries sHARQ-ACK, the transmission of sPUCCH or PUSCH can be based on the position of sPUCCH:

· If the sPUCCH is on the first sTTI of the colliding subframe, the UE should transmit sPUCCH while dropping PUSCH.

· Otherwise, the sPUCCH is dropped and the sHARQ-ACK is piggybacked on PUSCH by puncturing.
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