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1 Introduction
During the previous meetings, there were the following agreements [1][2].

RAN1#88bis

· Simultaneous transmission of sPUSCH and PUSCH is not supported within the same carrier
· In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUSCH

· The UE shall stop/drop the transmission of PUSCH
· FFS: If stopping/dropping is partial or full
· FFS on whether/how to transmit UCI(s) of PUSCH if the PUSCH carries the UCI(s)
This contribution further discusses the collision of sTTI/TTI in UL.
RAN1#89
· Simultaneous transmission of TTI and sTTI UL channels is not allowed within the same carrier on overlapped symbols

· PUSCH and sPUSCH (already agreed)

· PUCCH and sPUCCH

· PUSCH and sPUCCH

· PUCCH and sPUSCH

· FFS in case of different carriers
· FFS on non-overlapping symbols
· In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH without resuming the transmission

· FFS: HARQ-ACK of PUSCH is transmitted on sPUSCH

· FFS on how to map HARQ-ACK of PUSCH to sPUSCH

· FFS on whether CSI of PUSCH is dropped or not
· FFS if a requirement on the time of dropping prior to sPUSCH transmission is adopted

· In case of collision between PUCCH format 2/4/5 and sPUCCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUCCH
· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 2/4/5 without resuming the transmission

· FFS: HARQ-ACK of PUCCH is transmitted on sPUCCH

· FFS on how to map HARQ-ACK of PUCCH to sPUCCH

· CSI of PUCCH is dropped 
· FFS if a requirement on the time of dropping prior to sPUCCH transmission is adopted

· FFS for other PUCCH formats

· In case of collision between PUCCH format 2/4/5 and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUSCH

· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 2/4/5 without resuming the transmission

· FFS: If HARQ-ACK of PUCCH is transmitted 

· FFS on whether CSI of PUCCH is dropped or not
· FFS if a requirement on the time of dropping prior to sPUSCH transmission is adopted
· FFS for other PUCCH formats
2 Simultaneous transmissions for the same TTI length

For uplink, there are the following combination possibilities of simultaneous transmission for the same TTI length.

· PUSCH & PUCCH

· sPUSCH & sPUCCH

The case of PUSCH & PUCCH is specified in legacy specification. For the collision between sPUSCH and sPUCCH in the same sTTI, it was agreed that the UE transmits both sPUSCH and sPUCCH if the UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH. Otherwise, the UE transmits only sPUSCH including UCI of sPUCCH.
Besides the case of sPUSCH and sPUCCH in the same sTTI, there exist other possible case due to DMRS multiplexing for sPUSCH, as shown in Figure 1.
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Figure 1 Collision of sPUSCH and sPUCCH

If a UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH, The UE can transmit both sPUSCH and sPUCCH(s). Otherwise, how to transmit the sUCI in sTTI_1 and sTTI _2 should be further studied for the case shown in Figure 1. 
For sUCI_2, it conflicts with the DMRS of sPUSCH, and there is no data symbol to piggyback sUCI_2 in sTTI_2. A simple way is to avoid the collision by eNB’s implementation. When UE is expected to transmitted sHARQ-ACK in sTTI_2, eNB shall not schedule the sPUSCH with the DMRS transmitted in sTTI_2. However, the method has an impact on eNB’s scheduling flexibility, and the opportunities of DMRS multiplexing will be decreased. Another way without scheduling limitation is that sUCI_2 is also piggybacked on sTTI_2. In this case, the sHARQ-ACKs from sTTI_1 and/or sTTI_2 should be transmitted in sTTI#1, and one of the solutions is HARQ-ACK bundling as in legacy TDD system may be reused here. However, whether there is enough time for piggybacking UCI_2 on sPUSCH should be further studied. Alternatively, it can be also considered that the DMRS of sPUSCH is used to carry the sHARQ-ACK of sUCI_2. For example, different cyclic shifts are allocated to indicate the sHARQ-ACK in sTTI_2. However, this method is only suitable for the case of 1/2-bit sHARQ-ACK. 
In RAN1# 88 meeting, there was an FFS on the capability reporting and configuration signaling of simultaneous transmission. In our view, common capability signaling and configuration of simultaneous transmission for sPUSCH/sPUCCH and PUSCH/PUCCH shall be supported for simplicity and low signaling overhead, unless obvious benefit is identified for a separate way. 
Proposal 1: In case of the collision between sPUSCH and sPUCCH, where sPUCCH overlaps with only the DMRS of the sPUSCH, 
· For sHARQ-ACK of sPUCCH,
· Alt1:  The sHARQ-ACK of sPUCCH is piggybacked on sPUSCH. 
· Alt2: sHARQ-ACK of sPUCCH is indicated by different cyclic shift of the DMRS. 

· The CSI of sPUCCH is dropped. 
Proposal 2: Common capability signaling and configuration of simultaneous transmission for sPUSCH/sPUCCH and PUSCH/PUCCH is supported.
3 Simultaneous transmissions for legacy TTI and sTTI
The uplink channels considered here include PUSCH, PUCCH, sPUSCH and sPUCCH. In the following, the combinations with any two of them are further discussed.  
PUSCH & sPUSCH

According to the agreement in previous meetings, sPUSCH is transmitted and PUSCH is dropped without resuming when the collision happens. If there is UCI carried on PUSCH, whether the UCI are dropped or not is still an open issue. In order not to have impact on the performance of sPUSCH, CSI should be dropped. If there is HARQ-ACK on PUSCH, it may lead to waste of resource in that the PDSCH has to be retransmitted regardless of whether the HARQ-ACK is NACK. To solve this problem, the HARQ-ACK should be transmitted on sPUSCH. However, certain sHARQ-ACK ,may already be piggybacked on sPUSCH, then how to transmit these two kinds of HARQ-ACK should be studied. The following gives some options.
Option 1: HARQ-ACK and sHARQ-ACK are encoded jointly, and the encoded bits are written into the interleaving matrix by the mapping rule as in [3].

· option 1a: HARQ-ACK bundling. The bundling bits are encoded and then written into the interleaving matrix as in [3]. If both HARQ-ACK and sHARQ-ACK are present, one or two HARQ-ACK bits can be generated by performing a logical AND operation per codeword, and the bundling bit(s) are transmitted on sPUSCH. In order to avoid the misunderstanding between eNB and UE due to miss detection, the scrambling sequence can be introduced as in TDD HARQ-ACK bundling. The disadvantage of the method is that DL throughput performance degradation is expected due to HARQ-ACK bundling.
· Option 1b: Reserved feedback bits. For example, regardless how many packets should be acknowledged, UE always transmits 4 bits in sPUSCH, with 2 bits for sHARQ-ACK and the other 2 bits for HARQ-ACK. Apparently the option is not efficient. To save the overhead of feedback, DAI-like scheme as in TDD may be introduced. For example, additional two bits in UL grant indicate the information. However, since the collision does not happen very often, the method is also inefficient.
Option 2: HARQ-ACK and sHARQ-ACK are written in separate positions, as shown in Figure 2 for an example. Compared with option 1, the two kinds of feedback information do not affect each other, and no additional indication overhead is needed. In this option, the number of coded modulation symbols for (s)HARQ-ACK should not exceed a predefined value, the total number of coded modulation symbols for (s)HARQ-ACK and HARQ-ACK is no more than the total modulation symbols of one SC-FDMA symbol.
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Figure 2 sHARQ-ACK and HARQ-ACK piggybacked on sPUSCH
Proposal 3: If PUSCH is collided with sPUSCH, only HARQ-ACK is transmitted on sPUSCH.

· HARQ-ACK and sHARQ-ACK are mapped on sPUSCH in separate resource positions.
sPUSCH & PUCCH

In the last meeting, it was agreed that, for PUCCH format 2/4/5, sPUSCH is transmitted and PUCCH is dropped without resuming when collision happens. For PUCCH format 1/1a/1b or 3, if PUCCH is dropped during transmission, it would destroy the orthogonality of the other PUCCHs multiplexed in the same PRB. Considering eNB schedules the sPUSCH during PUCCH transmission, it is expected that sPUSCH has higher priority, and the interference is acceptable. In addition, similar to the case of PUSCH & sPUSCH, there may be HARQ-ACK and sHARQ-ACK transmitted together on sPUSCH. The solution discussed above can be reused.

Proposal 4: If sPUSCH is collided with PUCCH, only HARQ-ACK of PUCCH is transmitted on sPUSCH.

· HARQ-ACK and sHARQ-ACK are mapped on sPUSCH in separate resource positions.
PUSCH & sPUCCH

In current specification, UCI on PUCCH is piggybacked on PUSCH if the simultaneous transmission is not configured. If similar principle is followed when it comes to PUSCH and sPUCCH, sUCI from sPUCCH can be carried in PUSCH, but the latency can be increased especially when the detection of sUCI relies on the DMRS symbol after sUCI, e.g., sUCI is in the first sTTI in one subframe, or in the first sTTI of the second slot in one subframe with intra-subframe hopping enabled for PUSCH. This problem in the sTTIs should be further studied, including whether to transmit a new DMRS in the first symbols for sUCI demodulation, as shown in Figure 3. 
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Figure 3 PUSCH carries sUCI with new DMRS  
An alternative but simpler way is to transmit sPUCCH in higher priority and to drop PUSCH. If there is legacy UCI on PUSCH, at least HARQ-ACK should be transmitted on sPUCCH to avoid DL resource waste. The sPUCCH format providing more bits can be adopted, similar to legacy channel selection or PUCCH format 4. The disadvantage of the method is that the data on PUSCH is dropped and has to be retransmitted.
For the two alternatives above, the first one can perform the transmissions of both sUCI and PUSCH, but introduce latency for sUCI in some sTTIs. The solution should be further studied and may introduce standard effort. The second is simpler but the resource for PUSCH is wasted. The choice between two alternatives should take into account the latency, standard effort and resource waste.
Proposal 5: When PUSCH and sPUCCH collides, the solution in which no additional delay is introduced should be considered if sPUCCH is dropped.
sPUCCH & PUCCH
According to the agreements in last meeting, PUCCH is dropped without resuming and only HARQ-ACK, if any, can be transmitted on sPUCCH when collision occurs. The sPUCCH format carrying more bits can be adopted, similar to legacy channel selection or PUCCH format 4.
Proposal 6: If sPUCCH is collided with PUCCH of format 1/1a/1b or 3, PUCCH is dropped without resuming.
· Only HARQ-ACK is transmitted on sPUCCH.
Proposal 7: sPUCCH format carrying more bits can be considered, if legacy HARQ-ACK needs to be transmitted on sPUCCH. 
In case UE is configured for simultaneous PUSCH+PUCCH transmissions, and/or simultaneous sPUSCH+sPUCCH transmissions, the rules mentioned above can be reused and applied to the competition among three or even four channels with this logic: only the channel with the highest priority and the channel (if it exists) having the same TTI length as the channel with the highest priority, if configured to be transmitted simultaneously, are transmitted. To be more specific, the case-by-case competitions are illustrated as following. 
· PUSCH & PUCCH & sPUSCH==> sPUSCH

· PUSCH & PUCCH & sPUCCH==> sPUCCH (by option 1 of priority),or PUSCH and PUCCH (by option 2 of priority)

· PUSCH & sPUSCH & sPUCCH==> sPUSCH and sPUCCH

· PUCCH & sPUSCH & sPUCCH==> sPUSCH and sPUCCH

· PUSCH & PUCCH & sPUSCH & sPUCCH==> sPUSCH and sPUCCH

In any of above combinations, at least (s)HARQ-ACK on the dropped channels should be carried in the transmitted channel(s). 
Proposal 8: In case of collision of more than two channels, if the channels with different TTI lengths cannot be transmitted simultaneously, then only the channel with the highest priority and the channel having the same TTI length as the channel with the highest priority (if configured to be transmitted simultaneously), are transmitted. 
4 Conclusion

As the summary of this contribution, we propose the following: 
Proposal 1: In case of the collision between sPUSCH and sPUCCH, where sPUCCH overlaps with only the DMRS of the sPUSCH, 

· For sHARQ-ACK of sPUCCH,
· Alt1:  The sHARQ-ACK of sPUCCH is piggybacked on sPUSCH. 
· Alt2: sHARQ-ACK of sPUCCH is indicated by different cyclic shift of the DMRS. 

· The CSI of sPUCCH is dropped. 
Proposal 2: Common capability signaling and configuration of simultaneous transmission for sPUSCH/sPUCCH and PUSCH/PUCCH is supported.

Proposal 3: If PUSCH is collided with sPUSCH, only HARQ-ACK is transmitted on sPUSCH.

· HARQ-ACK and sHARQ-ACK are mapped on sPUSCH in separate resource positions.
Proposal 4: If sPUSCH is collided with PUCCH, only HARQ-ACK of PUCCH is transmitted on sPUSCH.

· HARQ-ACK and sHARQ-ACK are mapped on sPUSCH in separate resource positions.

Proposal 5: When PUSCH and sPUCCH collides, the solution in which no additional delay is introduced should be considered if sPUCCH is dropped.
Proposal 6: If sPUCCH is collided with PUCCH of format 1/1a/1b or 3, PUCCH is dropped without resuming.
· Only HARQ-ACK is transmitted on sPUCCH.
Proposal 7: sPUCCH format carrying more bits can be considered, if legacy HARQ-ACK needs to be transmitted on sPUCCH. 
Proposal 8: In case of collision of more than two channels, if the channels with different TTI lengths cannot be transmitted simultaneously, then only the channel with the highest priority and the channel having the same TTI length as the channel with the highest priority (if configured to be transmitted simultaneously), are transmitted. 
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