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1. Introduction

In this contribution, we discuss several aspects related to interaction between different TTI lengths. Specifically, the following aspects will be discussed:

· UL collision handling for single carrier case
· UL collision handling for multiple carrier case
This contribution is revised from R1-1714248.
2. Collisions between different TTI lengths
2.1. Single carrier case
PUSCH & sPUCCH collision
In case of collision between PUSCH and sPUCCH in the same subframe on a given carrier, there has been some related discussions but no decision was made. According to responses from companies in [1], two approaches for collision between PUSCH and sPUCCH are on the table as follows:

· Option 1: The UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH. The UE shall not resume the dropped/stopped transmission.

· Option 2: The UE shall drop sPUCCH and shall transmit PUSCH.

Considering that collision handling for other cases are already agreed, it would be more desirable to have the common collision handling for simple UE implementation. Furthermore, as such collision would not happen very often, the special handling only for this case seems not desirable from UE implementation perspective. 

If option 2 is supported, some inconsistent UE behavior can be found. For example, if there is another sPUSCH scheduling within the same subframe but at the different sTTI from sPUCCH on top of collision between PUSCH & sPUCCH, anyhow PUSCH needs to be dropped by following the collision handling of PUSCH & sPUSCH.
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Figure 1. Example of UL collision between different TTI lengths, where sPUSCH and sPUCCH are in different sTTI
Moreover, if there is another sPUSCH scheduling within the same sTTI with sPUCCH, then which collision handling is prioritized seems ambiguous and the corresponding outcome will be different. For example, if collision handling of PUSCH & sPUSCH is applied firstly (case 1 in Figure 2), then we will have sPUSCH and sPUCCH. On the other hand, if collision handling of PUSCH & sPUCCH is applied firstly (case 2 in Figure 2), then sPUCCH will be dropped firstly and thus we will have only sPUSCH in the end even though the UE is capable of simultaneous transmission of sPUSCH and sPUCCH.
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Figure 2. Example of UL collision between different TTI lengths, where sPUSCH and sPUCCH are in the same sTTI
Also, if multiple of sPUCCHs are collided with PUSCH, then the performance of PUSCH will be definitely degraded due to the punctured HARQ-ACK from sPUCCHs, and the motivation to transmit PUSCH instead of sPUCCH would be somewhat weakened. 
Considering the above aspects, our proposal is to stop/drop PUSCH and transmit sPUCCH when PUSCH and sPUCCH are collided within the same subframe on a given carrier. 
Proposal 1: In case of collision between PUSCH and sPUCCH for the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH. The UE shall not resume the dropped/stopped transmission.

If the proposal 1 is supported, how to deal with UCI of dropped/stopped PUSCH would be the similar to other collision cases as follows:
Proposal 2: In case of collision between PUSCH and sPUCCH for the same subframe on a given carrier, HARQ-ACK of PUSCH is transmitted on sPUCCH

· Spatial bundling for HARQ-ACK of PUSCH before mapping onto 1-slot sPUCCH is supported when configured

· Spatial bundling for HARQ-ACK of PUSCH before mapping onto 2/3-OS sPUCCH is applied.

· FFS on the support of bundling in frequency domain

· CSI of PUSCH is dropped
Also, the remaining collision handling among three UL channels should be clarified with the same principle to others as follows:

Proposal 3: If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUSCH, PUCCH, and sPUCCH are collided within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and PUCCH, and shall transmit sPUCCH. The UE shall not resume the dropped/stopped transmission.

· HARQ-ACK of PDSCH is transmitted on sPUCCH.

· CSI on PUSCH or PUCCH is dropped.

Bundling in frequency domain
There is still FFS on whether carrier bundling is applied or not to HARQ-ACK of PDSCH when 1ms TTI and sTTI are collided within the same subframe on a given carrier. Whether carrier bundling is applied or not to HARQ-ACK of PDSCH seems relevant to how to determine the HARQ-ACK bits for 1ms TTI when transmitting sTTI UL channel. In [1], the majority view on how to determine the HARQ-ACK bits for 1ms TTI when transmitting sTTI UL channel was given as follows:
· 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)
In case dynamic codebook size is configured for 1ms TTI, a UE will be indicated how many bits should be reserved for HARQ-ACK bits of PDSCH when transmitting sPUCCH or sPUSCH, so carrier bundling seems not that necessary. On the other hand, if the above rule is to be supported, and if fixed codebook size is configured for 1ms TTI, then carrier bundling would be highly beneficial since without carrier bundling, a UE should reserve HARQ-ACK bits of PDSCH as many as the number of configured carriers whenever the UE transmits sPUSCH or sPUCCH. This behavior would be too inefficient and thereby sTTI channel performance would be highly impacted due to the reserved bits for 1ms TTI even though there is no scheduling for 1ms TTI. If carrier bundling is applied when a UE is configured with fixed codebook sized determination for 1ms TTI, then the number of HARQ-ACK bits to be reserved for 1ms TTI would be decreased. In this sense, our proposal regarding carrier bundling is given as follows:
Proposal 4: Regarding how to determine HARQ-ACK bits of PDSCH when transmitting sPUSCH or sPUCCH, the following UE behavior is defined:
· Carrier bundling is not supported for HARQ-ACK of PDSCH if dynamic HARQ-ACK codebook size determination is configured for 1ms TTI. 
· Otherwise carrier bundling is applied to HARQ-ACK of PDSCH.
· FFS on carrier bundling is applied always or when configured
2.2. Multiple carrier case
If a UE is capable of simultaneous transmission of different TTI lengths across different carriers for a given band combination, simultaneous transmission of different TTI lengths across different carriers was agreed to be supported. On the other hand, in case of a UE not capable of simultaneous transmission of different TTI lengths across different carriers for a given band combination, some sort of collision handling would be necessary. Analogous to single carrier case, for multiple carrier case, it would be reasonable to give higher priority to shorter TTI channels. In this sense, our suggestion is that for a UE not capable of simultaneous transmission of different TTI lengths across different carriers for a given band combination, all of the longer TTI channel(s) for the band combination is(are) dropped/stopped. 
Proposal 5: In case a UE is not capable of simultaneous transmission of different TTI lengths across different carriers for a given band combination, and if UL channels with different TTI lengths are collided across different carriers for the band combination, all of the longer TTI channel(s) for the band combination is(are) dropped/stopped.
In case a UE is capable of simultaneous transmission of different TTI lengths across different carriers but the UE is power limited, a UE behavior needs to be addressed. From the discussions in [1], it seems necessary to further discuss the following two options: 

· Option 2: A guaranteed power for each TTI length is reserved.

· The power of the earlier transmission (e.g., longer TTI) for CC “c1” is determined by P_{earlier,c1} = min{ required power of the earlier transmission for CC “c1”, Pcmax,c1 }. Note that c1 is a carrier which belongs to the set of carriers, C1, containing the earlier transmission(s). Let the sum of P_{earlier,c1} over all c1’s in set C1 be denoted by P_{earlier,tot}. If P_{earlier,tot}exceeds Pcmax-P_{later,guaranteed}, i.e., the guaranteed power for the earlier transmission, P_{earlier,c1} for all c1’s is scaled down until P_{earlier,tot} does not exceed Pcmax-P_{later,guaranteed}. The power scaling down procedure across the CCs is performed by following the legacy rules. 

· The power of the later overlapped transmission (e.g., shorter TTI) for CC “c2” is determined by P_{later,c2} = min{ required power of the later transmission for CC “c2”, Pcmax,c2 }. Note that c2 is a carrier which belongs to the set of carriers, C2, containing the later transmission(s). Let the sum of P_{later,c2} over all c2’s in set C2 be denoted by P_{later,tot}. If P_{later,tot} exceeds Pcmax-P_{earlier,guaranteed}+max{0, P_{earlier,guaranteed}-P_{earlier,tot}}, i.e., the total power available for the later transmission, P_{later,c2} for all c2’s is scaled down until P_{later,tot} does not exceed Pcmax-P_{earlier,guaranteed}+max{ 0, P_{earlier,guaranteed}-P_{earlier,tot} }. The power scaling down procedure across the CCs is performed by following the legacy rules.

· Option 3: TTI channel(s) with lower priority (e.g., longer TTI) is(are) dropped/stopped until the condition that the UE becomes non-power-limited is met.

With option 2, it would be possible to enjoy no channel dropping/stopping, which means no power wasting at all. On the other hand, in case the power is not sufficient, the impact on sTTI performance can happen, which is not desirable. With option 3, even though a UE is in a power-limited case, there is no impact on sTTI performance at the expense of potential dropping of longer TTI channel. Let us have an example as follows: 
· Pcmax =30 
· P_{1ms,guaranteed}=10 for option 2
· P_{sTTI,guaranteed}=20 for option 2
· min( Pcmax,c1, P_{required,1ms,c1} )=4
· min( Pcmax,c2, P_{required,1ms,c2} )=4 
· min( Pcmax,c3, P_{required,sTTI,c3} )=13 
· min( Pcmax,c4, P_{required,sTTI,c4} )=13 
Then, the final power of option 2 per CC will be {4, 4, 11, 11} while that of option 3 per CC will be {4, 0, 13, 13}. In this example, it is observed that the power of sTTI channels are mitigated by using option 2 while one of the longer TTI channels is dropped by using option 3. 

Overall, the benefit and drawback of option 2 and 3 can be summarized as follows:
	
	Benefit
	Drawback

	Option 2
	Reducing the chance of 1ms TTI dropping
	Potential negative impact on sTTI performance

	Option 3
	No sTTI performance impact
	1ms TTI dropping might happen


Again, considering that sTTI performance should be ensured above all, our preference is option 3.
Proposal 6: In case simultaneous transmission of different TTI lengths across different carriers is allowed/supported but when the UE is power-limited, TTI channel(s) with lower priority (e.g., longer TTI) is(are) dropped/stopped until the condition that the UE becomes non-power-limited is met. 
For the proposal 6, this dropping/stopping will be only applied as long as there are transmissions with different TTI lengths, based on the following priority rules, which is quite similar as legacy LTE:
· TTI length > Channel type > UCI type>PUCCH group >cell index
· Shorter TTI > longer TTI
· PUCCH > PUSCH with UCI > PUSCH without UCI

· HARQ-ACK/SR > CSI > data > SRS

· Primary PUCCH group > Secondary PUCCH group

· Lower cell index > higher cell index

After dropping some channels, if there is only a single TTI length transmission and the UE is still power-limited, the same power allocation method of legacy LTE will be applied. It would be beneficial that HARQ-ACK of the dropped/stopped channel is transmitted on the channel (to be transmitted with dropping/stopping) with the highest priority. On the other hand, CSI of the dropped/stopped channel might be dropped. 
Proposal 7: In case simultaneous transmission of different TTI lengths across different carriers is allowed/supported but when the UE is power-limited, the following UE behaviors are defined:

· The dropping/stopping is only applied as long as there are transmissions with different TTI length, based on the following priority rules:

· TTI length > Channel type > UCI type>PUCCH group > cell index 

· Shorter TTI > longer TTI 

· PUCCH > PUSCH with UCI > PUSCH without UCI

· HARQ-ACK/SR > CSI > data > SRS

· Primary PUCCH group > Secondary PUCCH group

· Lower cell index > higher cell index

· HARQ-ACK of the dropped/stopped channel is transmitted on the channel (to be transmitted without dropping/stopping) with the highest priority.

· CSI of the dropped/stopped channel is dropped.

· After the dropping/stopping, if there is only a single TTI for transmission, and if the UE is still power limited, the power allocations in 36.213 are applied.

Meanwhile, regardless of whether or not a UE is capable of simultaneous transmission of different TTI lengths across different carriers, UCI of dropped/stopped channel will not be allowed piggybacked onto channel to be transmitted without dropping belong to different PUCCH group. If there is no channel to be transmitted within the PUCCH group, then UCI will be also dropped. 
Proposal 8: Regardless of whether or not a UE is capable of simultaneous transmission of different TTI lengths across different carriers, UCI of dropped/stopped channel is not allowed to be piggybacked onto channel of different PUCCH group, and will be dropped if there is no channel to be transmitted within the same PUCCH group containing the dropped/stopped channel.

3. Conclusions

In this contribution, we discussed several aspects related to interaction between different TTI lengths. Based on the above discussions, our proposals are given as follows:
Proposal 1: In case of collision between PUSCH and sPUCCH for the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH. The UE shall not resume the dropped/stopped transmission.

Proposal 2: In case of collision between PUSCH and sPUCCH for the same subframe on a given carrier, HARQ-ACK of PUSCH is transmitted on sPUCCH

· Spatial bundling for HARQ-ACK of PUSCH before mapping onto 1-slot sPUCCH is supported when configured

· Spatial bundling for HARQ-ACK of PUSCH before mapping onto 2/3-OS sPUCCH is applied.

· FFS on the support of bundling in frequency domain

· CSI of PUSCH is dropped

Proposal 3: If a UE is configured with simultaneous transmission of PUSCH and PUCCH, and if PUSCH, PUCCH, and sPUCCH are collided within the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and PUCCH, and shall transmit sPUCCH. The UE shall not resume the dropped/stopped transmission.

· HARQ-ACK of PDSCH is transmitted on sPUCCH.

· CSI on PUSCH or PUCCH is dropped.

Proposal 4: Regarding how to determine HARQ-ACK bits of PDSCH when transmitting sPUSCH or sPUCCH, the following UE behavior is defined:

· Carrier bundling is not supported for HARQ-ACK of PDSCH if dynamic HARQ-ACK codebook size determination is configured for 1ms TTI. 
· Otherwise carrier bundling is applied to HARQ-ACK of PDSCH.
· FFS on carrier bundling is applied always or when configured
Proposal 5: In case a UE is not capable of simultaneous transmission of different TTI lengths across different carriers for a given band combination, and if UL channels with different TTI lengths are collided across different carriers for the band combination, all of the longer TTI channel(s) for the band combination is(are) dropped/stopped.
Proposal 6: In case simultaneous transmission of different TTI lengths across different carriers is allowed/supported but when the UE is power-limited, TTI channel(s) with lower priority (e.g., longer TTI) is(are) dropped/stopped until the condition that the UE becomes non-power-limited is met. 
Proposal 7: In case simultaneous transmission of different TTI lengths across different carriers is allowed/supported but when the UE is power-limited, the following UE behaviors are defined:

· The dropping/stopping is only applied as long as there are transmissions with different TTI length, based on the following priority rules:

· TTI length > Channel type > UCI type>PUCCH group > cell index 

· Shorter TTI > longer TTI 

· PUCCH > PUSCH with UCI > PUSCH without UCI

· HARQ-ACK/SR > CSI > data > SRS

· Primary PUCCH group > Secondary PUCCH group

· Lower cell index > higher cell index

· HARQ-ACK of the dropped/stopped channel is transmitted on the channel (to be transmitted without dropping/stopping) with the highest priority.

· CSI of the dropped/stopped channel is dropped.

· After the dropping/stopping, if there is only a single TTI for transmission, and if the UE is still power limited, the power allocations in 36.213 are applied.

Proposal 8: Regardless of whether or not a UE is capable of simultaneous transmission of different TTI lengths across different carriers, UCI of dropped/stopped channel is not allowed to be piggybacked onto channel of different PUCCH group, and will be dropped if there is no channel to be transmitted within the same PUCCH group containing the dropped/stopped channel.
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