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1 Introduction
In RAN1 #90 meeting, collision of sTTI and TTI in UL was discussed and it was agreed that [1]:
Agreement:
· In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE

· HARQ-ACK of PUSCH is transmitted on sPUSCH

· FFS on coding of HARQ-ACK and sHARQ-ACK (e.g., joint coding or separate coding)

· FFS on whether to bundle HARQ-ACK before mapping onto sPUSCH

· No requirement on the time of dropping prior to sPUSCH transmission is adopted
· CSI of PUSCH is dropped
Agreement:
· In case of collision between PUCCH format 1/1a/1b/3 and sPUCCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUCCH
Agreement:
In case of collision between PUCCH format 1/1a/1b/3 and sPUCCH in the same subframe on a given carrier for a UE

· The UE, should attempt drop/stop, as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 1/1a/1b/3
· The UE should strive to drop the PUCCH at a slot boundary before the start of the sPUCCH transmission.
· The UE shall not resume the dropped/stopped transmission

Agreement:
· In case of collision between PUCCH and sPUCCH in the same subframe on a given carrier for a UE
· HARQ-ACK of PUCCH is transmitted on 1-slot sPUCCH 
1. Spatial bundling of HARQ-ACK of PUCCH is applied when configured
2. No new higher layer signaling for spatial bundling is added. Existing signaling is re-used for the collision case.
· HARQ-ACK of PUCCH is transmitted on 2/3-os sPUCCH 

1. Spatial bundling of HARQ-ACK of PUCCH is applied

2. FFS on other bundling

· FFS: How to resolve ambiguity between UE and eNB on reported HARQ-ACK.
Agreement:
· In case of collision between PUCCH format 1/1a/1b/3 and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUSCH
Agreement:
In case of collision between PUCCH format 1/1a/1b/3 and sPUSCH in the same subframe on a given carrier for a UE
· The UE, should attempt drop/stop, as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 1/1a/1b/3
· The UE should strive to drop the PUCCH at a slot boundary before the start of the sPUSCH transmission.
· The UE shall not resume the dropped/stopped transmission

Agreement:
· In case of collision between PUCCH and sPUSCH in the same subframe on a given carrier for a UE

· HARQ-ACK of PUCCH is transmitted on sPUSCH

· FFS on coding of HARQ-ACK and sHARQ-ACK (e.g., joint coding or separate coding)

· FFS on whether to bundle HARQ-ACK before mapping onto sPUSCH

· CSI of PUCCH is dropped
Regarding the total number of soft channel bits, the following agreements were achieved in the RAN1 #88bis meeting: 
· The total number of soft channel bits is not increased if UE supports sTTI operations.

· i.e. no new UE category need to be specified for sTTI.
· Note that this does not preclude defining UE category in the future release in the sTTI operation
The contribution firstly discusses the HARQ-ACK mapping rule for the collision cases of 1ms PUCCH with sPUCCH/sPUSCH and 1ms PUCSH with sPUSCH. Then handling of collision between PUSCH and sPUCCH are analyzed. In addition, the upper limit of soft buffer size for 2/3-symbol sTTI is also discussed.
2 Handling of 1ms HARQ-ACK on sTTI
According to the agreements from RAN1 #90 meeting, the 1ms HARQ-ACK should be transmitted on UL sTTI when 1ms PUCCH is colliding with sPUCCH/sPUSCH, and 1ms PUSCH is colliding with sPUSCH. How to map the 1ms HARQ-ACK on UL sTTI for these cases to achieve robust transmission of HARQ-ACKs and to avoid the ambiguous cases is further discussed as below:
Coding of HARQ-ACK and sHARQ-ACK
For 1ms HARQ-ACK mapping on sPUCCH, separate coding of 1ms HARQ-ACK may lead to additional effort for specifying how to indicate the resource of sPUCCH for mapping 1ms HARQ-ACK. For 1ms HARQ-ACK mapping on sPUSCH, although the HARQ-ACK(s) are punctured on the sPUSCH by avoiding the resources of sHARQ-ACK with predefined rule, the performance of separate coding of 1ms HARQ-ACK and sHARQ-ACK will be degraded compared to joint coding. In addition, to keep same rule for mapping 1ms HARQ-ACK on sPUCCH and sPUSCH, it is suggested that 1ms HARQ-ACK is jointly encoded with sHARQ-ACK when piggybacked on sPUSCH.
Proposal 1: 1ms HARQ-ACK should be jointly encoded with sHARQ-ACK.
Ambiguous case due to missing DCI or sDCI
Considering the 1ms HARQ-ACK could be jointly encoded with sHARQ-ACK on the UL sTTI, ambiguity on the number of HARQ-ACK bits on UL sTTI may happen if UE misses either DCI or sDCI. 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 feedback bit number. One possible way to solve this problem is to fix the number of HARQ-ACK bits by always assuming both 1ms HARQ-ACK and sHARQ-ACK should be carried on the UL sTTI. But this leads to unnecessary overhead increase for non-collided cases. Another solution is to introduce a DAI-like signaling in sDCI to let the UE confirm the number of encoded HARQ-ACK bits on the corresponding UL sTTI. For example, the DAI-like signaling can be used in DL grant 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.
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Figure 1. Example of ambiguous case and the corresponding solution
Proposal 2: DAI-like signaling can be introduced in sDCI to indicate whether to feedback 1ms HARQ-ACK to guarantee same understanding of HARQ-ACK bits on the corresponding UL sTTI.
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. 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 or last 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/last 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 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. 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, it can also be eNB implementation to decide and indicate on which UL sTTI(s) the 1ms HARQ-ACK should be piggybacked if the DAI-like signaling is introduced in sDCI. 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 3: 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 all 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.
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(s) when 1ms PDSCH(s) are detected.

For small sHARQ-ACK bit number, the UE could transmit sHARQ-ACK on small payload size sPUCCH and switch to large payload size sPUCCH to carry 1ms HARQ-ACK(s) and sHARQ-ACK(s) when 1ms PDSCH(s) are detected. 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 sPUCCH resources could be indicated by ARI in sDCI. Alternatively, other information in sDCI can also indicate this switching.
Proposal 4: Other types of 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 in priority while stopping PUSCH. The PUSCH would not be resumed after the sPUCCH to keep the same rule with sPUSCH and PUSCH collision. The 1ms HARQ-ACK originally on PUSCH can be piggybacked on sPUCCH similar to the rule of PUCCH and sPUCCH collision, while the CSI or SR could be dropped.
The drawback of this option is that dropping PUSCH instead of puncturing the control information on PUSCH leads to critical performance loss of UL TTI.
Opt. 2: Drop sPUCCH and transmit PUSCH. The sUCI originally on sPUCCH could be piggybacked on the PUSCH. In each sPUCCH TTI, sUCI 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.
Therefore, Opt. 3 can be considered as a hybrid of Opt. 1 and Opt. 2.
Opt. 3: Adaptively transmitting sUCI on PUSCH or sPUCCH based on sPUCCH position.
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 to be transmitted on the first sTTI of the subframe, the UE can transmit sUCI on sPUCCH while stopping transmitting PUSCH. As shown in Figure 3, if the sPUCCH collides with PUSCH on the first sTTI, the sPUCCH should be transmitted while the PUSCH is stopped; otherwise the sPUCCH is dropped and the PUSCH should be punctured by sHARQ-ACK.
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Figure 3 Transmitting sHARQ-ACK on which channel depends on sPUCCH time
For sPUCCH originally carrying sHARQ-ACK and/or sSR, Opt. 3 is preferred since it guarantees the latency of sTTI while keeping the transmission of PUSCH in most cases. For sPUCCH originally carrying sCSI only (if supported) which is not latency sensitive, it could be FFS whether to drop sPUCCH as Opt. 2 does. 
Proposal 5: For the collision of sPUCCH and PUSCH where the sPUCCH originally carries sHARQ-ACK and/or sSR, 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 sPUCCH while stopping PUSCH.
· Otherwise, the sPUCCH is dropped and the sUCI is piggybacked on PUSCH by puncturing.
4 Handling of more than 2 channels collision including 1ms TTI and sTTI 
For the collision of more than 2 physical channels where two of them are with the same length and at least one of them is with a different length, the principle should be first comparing the priority of the two channels with the same length and dropping one of them if simultaneous transmission is not supported, and then comparing the remaining channels by following the collision rule between 1ms TTI and sTTI as analyzed in previous sections. Therefore, the possible handling of more than 2 channels collision cases can be summarized as follows:
Case 1: sPUCCH, sPUSCH, and PUCCH: same rule with sPUSCH and PUCCH collision. 
Case 2: sPUCCH, sPUSCH and PUSCH: same rule with sPUSCH and PUSCH collision.

Case 3: sPUCCH, PUSCH and PUCCH: same rule with sPUCCH and PUSCH collision. In addition, periodic CSI can be dropped if sPUCCH is transmitted while PUSCH is stopped.
Case 4: sPUSCH, PUSCH and PUCCH: same rule with sPUSCH and PUSCH collision. 
Case 5: sPUSCH, sPUCCH, PUSCH and PUCCH: same rule with sPUSCH and PUSCH collision. In addition, periodic CSI can be piggybacked on sPUSCH.
On the other hand, if simultaneous transmission of sPUCCH and sPUSCH is supported for Case 1, Case 2 and Case 5, it is beneficial to drop the 1ms TTI while piggybacking the 1ms HARQ-ACK on sPUSCH. If simultaneous transmission of PUCCH and PUSCH is supported for Case 3, Case 4 and Case 5, it could follow the same rule with sTTI and PUSCH collision.
5 Soft buffer size for sTTI
For 1ms TTI downlink transmission, the upper limit of soft buffer size for one HARQ process is calculated based on the supported maximum transport block size (TBS) with a code rate of 2/3 for all UE categories except for low cost categories, e.g., category 0 or 1 [2]. The reason of using code rate 2/3 is that for transmission of a transport block with the maximum TBS, normally the SNR is high enough to support peak code rate transmission and thus there is no need to buffer much redundant bits. Then less UE soft buffer size is required, hence UE cost is reduced. 

Following the same principle, the upper limit of soft buffer size for 2/3-symbol sTTI should be reduced compared to 1ms TTI, as the maximum TBS supported by 2/3-symbol sTTI would be scaled down compared to 1ms TTI. The reduced upper limit of soft buffer size for sTTI would be beneficial in sharing the total soft buffer size for one UE between PDSCH and sPDSCH, especially for the case that PDSCH and sPDSCH overlap in time domain. For simplicity, the upper limit of soft buffer size for 2/3-symbol sTTI could be determined with the upper limit of soft buffer size for 1ms TTI multiplied by a factor, e.g., 1/4, as shown below.
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Proposal 6: The upper limit of soft buffer size for 2/3-symbol sTTI should be reduced compared to 1ms TTI.
6 Conclusion

The contribution firstly discusses the HARQ-ACK mapping rule for the collision cases of 1ms PUCCH with sPUCCH/sPUSCH and 1ms PUCSH with sPUSCH. Then handling of collision between PUSCH and sPUCCH are analyzed. In addition, the upper limit of soft buffer size for 2/3-symbol sTTI is also discussed. Based on the discussions, we have the following proposals:
Proposal 1: 1ms HARQ-ACK should be jointly encoded with sHARQ-ACK.
Proposal 2: DAI-like signaling can be introduced in sDCI to indicate whether to feedback 1ms HARQ-ACK to guarantee same understanding of HARQ-ACK bits on the corresponding UL sTTI.
Proposal 3: 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 all 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 4: Other types of bundling except spatial bundling is not supported for 1ms HARQ-ACK on 2/3-symbol sPUCCH.
Proposal 5: For the collision of sPUCCH and PUSCH where the sPUCCH originally carries sHARQ-ACK and/or sSR, 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 sPUCCH while stopping PUSCH.

· Otherwise, the sPUCCH is dropped and the sUCI is piggybacked on PUSCH by puncturing.
Proposal 6: The upper limit of soft buffer size for 2/3-symbol sTTI should be reduced compared to 1ms TTI.
References

[1] 3GPP, “Final report of 3GPP TSG RAN WG1 #90 v1.0.0”, Prague, Czech Republic, Aug 21-25, 2017.
[2] 3GPP TS 36.212 v14.4.0.
(a)
sPDSCH
1ms PDSCH
DL grant
missed
sPUCCH
eNB expects: A/N+sA/N
UE reports: sA/N
(b)
sPDSCH
1ms PDSCH
DL grant
missed
sPUCCH
eNB expects: A/N+sA/N
UE reports: A/N+sA/N
sDAI: A/N needed



PUSCH
sPUCCH
1 subframe
sHARQ-ACK
(a)
(b)
PUSCH
sPUCCH
sHARQ-ACK
1 subframe
DMRS
DMRS



_1567434818.unknown

(b)
sPDSCH
1ms PDSCH
sPUCCH
A/N+sA/N
(a)
sPDSCH
1ms PDSCH
DL grant
missed
sPUCCH
eNB expects: A/N
UE reports: A/N+sA/N
A/N+sA/N



