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1 Introduction
This contribution discusses the simultaneous UL transmissions between legacy channel and short TTI channel.
2 Simultaneous UL transmissions
The uplink channels considered here include PUSCH, PUCCH, sPUSCH and sPUCCH. If two of them having different TTI length are to be transmitted in one subframe, there are the following combination possibilities:

· PUSCH & sPUSCH

· PUSCH & sPUCCH

· sPUSCH & PUCCH

· sPUCCH & PUCCH
The following discussions give the potential solutions for each combination, if the simultaneous transmission of both channels in that combination is not allowed or not configured. 
PUSCH & sPUSCH

Two alternatives are considered:
· Alt. 1: Only one channel can be transmitted. Because the sPUSCH has higher latency requirement, PUSCH should be dropped.
· Alt. 2: sPUSCH is fully transmitted by puncturing PUSCH. To preserve single carrier property, the puncturing is done per symbol basis, i.e., as long as sPUSCH and PUSCH share a symbol, all PUSCH subcarriers on that symbol are punctured. For this method, it could be difficult to decode PUSCH if the effective code rate of PUSCH after puncturing is too high.
Alt. 1 is preferable because it is simpler and its processing complexity is lower than Alt. 2. For Alt.1, if there is HARQ-ACK on PUSCH, it can lead to waste of resource due to dropping PUSCH. To solve this problem, at least the HARQ-ACK on PUSCH can 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 bundling. 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 the HARQ-ACK and sHARQ-ACK may influence each other.
· Option 2: Fixed reserved 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.

· Option 3: HARQ-ACK and sHARQ-ACK are written in separate positions, as shown in Figure1 for an example, in order to avoid the problems in options 1 and 2. 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 1 sHARQ-ACK and HARQ-ACK piggybacked on sPUSCH
PUSCH & sPUCCH

In current specification, whether to transmit PUSCH and PUCCH simultaneously is configurable. If the simultaneous transmission is not configured, UCI piggybacks on PUSCH. 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 2. 
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Figure 2 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 3. 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.
sPUSCH & PUCCH

It is not feasible to keep sPUSCH puncture the PUCCH in this case because doing such would destroy the orthogonality of the PUCCHs multiplexing in the same PRB. It can be considered that PUCCH is dropped and UCI on PUCCH is transmitted on sPUSCH. In order to affect the sPUSCH transmission as less as possible, only HACK-ACK on PUCCH is transmitted on sPUSCH. 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.
sPUCCH & PUCCH
Similar to the discussion above, puncturing PUCCH by sPUCCH is not recommended. In order not to increase the latency of sTTI, PUCCH is dropped and UCI on PUCCH can be transmitted on sPUCCH. To guarantee the performance of sPUCCH, only HACK-ACK on PUCCH is transmitted on sPUCCH. The sPUCCH format providing more bits can be adopted, similar to legacy channel selection or PUCCH format 3.
In summary, if the two channels with different TTI length are not configured for simultaneous transmission, one of them should be transmitted and the other is dropped. For simplicity, a general rule of competition priority can be formulated and selected from the following two options:
· Option 1: sPUSCH>sPUCCH>PUSCH>PUCCH

· Option 2: sPUSCH>PUSCH>sPUCCH>PUCCH

Further, at least (s)HARQ-ACK on the dropped channels should be carried in the transmitted channel.
Proposal 1: If two channels with different TTI lengths cannot be transmitted simultaneously, the channel with higher priority is transmitted and the channel with lower priority is dropped, where the priority is selected from the following two options.

· sPUSCH>sPUCCH>PUSCH>PUCCH
· sPUSCH>PUSCH>sPUCCH>PUCCH
Proposal 2: At least (s)HARQ-ACK on dropped channel are carried on the transmitted channel.

Proposal 3: If needed to be transmitted on sPUSCH, HARQ-ACK and sHARQ-ACK are mapped on sPUSCH in separate resource positions. 

Proposal 4: sPUCCH format providing 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 priority rule mentioned above can be reused and applied to the competition among three or even four channels with this logic: 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. 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. 
Proposal 5: 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. 
3 Conclusion

As the summary of this contribution, we propose the following: 
Proposal 1: If two channels with different TTI lengths cannot be transmitted simultaneously, the channel with higher priority is transmitted and the channel with lower priority is dropped, where the priority is selected from the following two options.

· sPUSCH>sPUCCH>PUSCH>PUCCH
· sPUSCH>PUSCH>sPUCCH>PUCCH
Proposal 2: At least (s)HARQ-ACK on dropped channel are carried on the transmitted channel.

Proposal 3: If needed to be transmitted on sPUSCH, HARQ-ACK and sHARQ-ACK are mapped on sPUSCH in separate resource positions. 

Proposal 4: sPUCCH format providing more bits can be considered, if legacy HARQ-ACK needs to be transmitted on sPUCCH. 
Proposal 5: 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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