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1. Introduction
Several agreements on UL sTTI-TTI collisions were reached in RAN1 #89 meeting [1]:

Agreement:
· 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

Agreement:
· 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

Agreement:
· 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

Agreement:
· 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
In this document, we discuss the FFS questions on stopping of PUCCH Format 1 and 3 transmissions, sPDSCH HARQ-ACK feedback in the subframes where PUSCH is scheduled, multiplexing of PDSCH and sPDSCH HARQ-ACK feedback in one subframe and with multiple UL carriers, and CSI sending.
2. Discussion 
2.1 Stopping/dropping of PUCCH transmissions
The agreements of RAN1 #89 mean that all sTTI transmissions are prioritized over PUCCH transmissions except that it was left FFS if such prioritization applies also with stopping/ending of PUCCH Format 1/3. With these Formats, the orthogonality of PUCCH resources provided by the cover code is lost if transmission is terminated in the middle of a slot. However, maintaining Format 1/3 PUCCH orthogonality by prioritizing such transmissions would essentially mean sPDSCH and sPUSCH scheduling constraints that would avoid sPDSCH A/N feedback or sPUSCH transmission overlapping with PUCCH. As such constraints can be in any case applied by eNB for maintaining the orthogonality, nothing would be gained with special prioritization rules with Format 1/3 PUCCH. Therefore, we propose that 
Proposal 1: Irrespective of PUCCH Format, sPUCCH and sPUSCH are prioritized in case of overlapping with PUCCH.
An optimization may be considered for avoiding the situation that Format 1/3 PUCCH should be stopped in the middle of a slot because of 2/3-OS sPUSCH or sPUCCH: there could be sPDCCH processing time requirement that could be taken into account in scheduling so that Format 1/3 PUCCH transmission can be cancelled slot wise. This would ideally mean that UE should be able to decode sPDCCH so early that the UE can cancel PUCCH transmission from the beginning of the slot when sPUCCH or sPUSCH will take place in the third 2/3-OS sTTI of a slot.  A more relaxed processing time requirements could be defined as well such that the scheduling constraint would exist only for the third sTTI i.e. sufficiently before the beginning of a slot, UE would know that there will be no sPUSCH or sPUCCH transmission in the first two sTTIs of the slot.
2.2 HARQ-ACK feedback
To fully benefit from sTTI of sPDSCH, HARQ-ACK feedback for sPDSCH should be provided in UL with the shortest configured UL TTI length. This means that we need solutions for 
· sending sPDSCH HARQ-ACK in a sTTI of a subframe where PUSCH has been scheduled, and 
· sending both PDSCH and sPDSCH HARQ-ACK in a subframe where sPUCCH(s) or sPUSCH(s) are transmitted.
sPDSCH HARQ-ACK when PUSCH has been scheduled
In Figure 1 we show timing relations between PUSCH and 2-OS sTTI sPUCCH. When UE, configured for sTTI operation, is in a situation where PUSCH has been scheduled and sPDSCH HARQ-ACK needs to be sent in the same subframe, two approaches exist for fulfilling the RAN1 agreements: (1) sPUCCH cancels or ends the PUSCH transmission in the same way as with sPUSCH and PUSCH collision, or (2) sPDSCH HARQ-ACK is carried on PUSCH. However, contrary to PUSCH and sPUSCH collision which depends only on UL scheduling, sPUCCH and PUSCH collision depends on both DL and UL scheduling. Therefore, following approach (1) would create a coupling between DL and UL scheduling, which should be avoided if possible. This makes carrying sPDSCH HARQ-ACK on PUSCH a more attractive choice.
For providing sPDSCH HARQ-ACK on PUSCH, PUSCH TTI can be divided into virtual sTTIs used for sPDSCH HARQ-ACK multiplexing as shown in Figure 1 for 2-OS sTTI. The timing of virtual sTTIs may simply follow that of sPUCCH, and A/N for sPDSCH(s) of one sTTI are puncturing PUSCH data symbols within one virtual sTTI. As there is no DMRS in each virtual sTTI, eNB may sometimes have to postpone starting of A/N decoding by one virtual sTTI. This would be unavoidable at least for the first virtual sTTI of a subframe if UE has not been scheduled for the same frequency resources in the previous subframe. In addition, some constraints, as depicted in Figure 2, could be imposed for sPUSCH scheduling in order to provide decent channel estimates for HARQ-ACK reception. 
Sending PDSCH HARQ-ACK through virtual sTTIs allows unaffected PUSCH transmissions in a typical case where sTTI data transmissions are needed in DL but not in UL. We think that slightly delaying some HARQ-ACK reception and the possible sPUSCH scheduling constraints are acceptable in such case and therefore propose that:

Proposal 2:  sPDSCH HARQ-ACK transmission on PUSCH is supported by dividing PUSCH into virtual sTTIs and puncturing PUSCH data in a virtual sTTI. 

If Proposal 2 will be accepted, the RAN1 #89 agreement “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” would need to be modified as eNB should know exactly in which virtual sTTI PUSCH transmission is stopped. Instead of complex rules taking into account the presence of HARQ-ACK and DMRS we propose that 
Proposal 3: When PUSCH needs to be stopped because of sPUSCH transmission, UE stops PUSCH in the end of the virtual sTTI that precedes the sPUSCH transmission. 
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Figure 1: sPUCCH and PUSCH timings, and PUSCH dividing into virtual sTTIs according to sPUCCH timing. Green colour depicts PUSCH DMRS symbols.
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Figure 2: Possible sPUSCH scheduling constraint to obtain decent channel estimate for A/N reception in a virtual sTTI. When A/N is sent e.g. in the virtual sTTI #0, eNB may decide to schedule sPUSCH at earliest for the sTTI #2. Green colour depicts a PUSCH DMRS symbol.
sPDSCH and PDSCH HARQ-ACK in a subframe
Need for sending both sPDSCH and PDSCH HARQ-ACK in a subframe may appear when:

· switching between TTI lengths in two subframes or sending both PDSCH and sPDSCH(s) in a subframe
· scheduling PDSCH on one carrier and sPDSCH on another carrier within a single PUCCH group. 

These situations could in principle be avoided by scheduling restrictions but those would constrain sTTI operation too severely. Therefore, we propose:
Proposal 4: Support multiplexing of DL HARQ-ACK feedback for PDSCH and sPDSCH in a subframe.
sPDSCH HARQ-ACKs should always be sent using sTTIs (or virtual sTTI on PUSCH) instead of a regular TTI as otherwise HARQ-ACK would be delayed up to 1ms in the worst case. Rather than handling PDSCH HARQ-ACK transmission using 1ms TTI or sTTI depending on sPDSCH HARQ-ACK presence in a subframe, a simple approach could be to apply sTTIs always also for PDSCH HARQ-ACK transmission if UE has been configured with UL sTTI on a PUCCH-cell: Except for the fallback case (PCell-only PDSCH scheduling via Common Search Space), PDSCH HARQ-ACK is never transmitted on PUCCH but is always sent over sPUCCH, sPUSCH, or in virtual sTTIs on PUSCH. PDSCH HARQ-ACKs for one DL subframe are sent in one sTTI or distributed to multiple sTTIs in case of carrier aggregation. This is illustrated in Figure 3. 

[image: image3.emf]PDSCH

CC0

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPUCCH,

sPUSCH

or

virtual sTTI 

on PUSCH s

sPDSCH

CC0

sPDSCH

CC0

PDSCH

CC2

PDSCH

CC3 

PDSCH

CC1


Figure 3: Mapping of HARQ-ACK in a carrier aggregation configuration where DL CC3 is configured for sTTI operation and switches from 1ms TTI to 7OS TTI. Except for the fallback case (PCell-only PDSCH scheduling via Common Search Space), even in subframes where no sPDSCH HARQ-ACK needs to be transmitted and where sPUSCH is not transmitted, PDSCH HARQ-ACKs are mapped to sTTIs and transmitted on sPUCCHs or in virtual sTTIs on PUSCH.

For sending PDSCH HARQ-ACK on sPUCCH without sPDSCH HARQ-ACK, sPUCCH resource needs to be obtained through the DCI that assigns the PDSCH. Both the implicit CCE based or explicit ARI based method, or a combination of these two methods, can be considered.  
Because of dynamic switching between 1ms TTI and sTTI lengths and since both sPDSCHs and PDSCH may be scheduled in a subframe for one UE, carrying PDSCH HARQ-ACK per carrier besides the sPDSCH HARQ-ACKs may be needed. Depending on the total number of DL carriers, their configuration for sTTI operation, and DL and UL TTI lengths, the maximum number of HARQ-ACKs per UL sTTI may be varying over sTTIs, i.e. the HARQ-ACK codebook size is a function of the (virtual) sTTI index even if the size is based on the configuration and not the actual scheduling. 
The proposed scheme would simplify specification as there would not be a need to take care of PDSCH HARQ-ACK in a PUCCH that ends due to sPUCCH or sPUSCH transmission, and PDSCH and sPDSCH HARQ-ACKs would be handled identically when PUSCH is ending due to sPUSCH transmission.     
Proposal 5: When UE has been configured for UL sTTI operation on PUCCH cell, also HARQ-ACKs for PDSCH(s) are transmitted using sTTI operation i.e. on sPUSCH(s), in sPUCCH(s) or in virtual sTTIs of PUSCH. PDSCH HARQ-ACKs for different carriers can be distributed to different sTTIs within a subframe.  
In case of 2/3-OS sTTI and when PDCCH occupies two or three OS, UE can receive at most five 2/3-OS sPDSCHs per subframe. Therefore, as there are always six 2/3-OS sPUCCHs per subframe, one of the sTTIs is not used for sPDSCH HARQ-ACK. This could be taken into account when defining the mapping of PDSCH HARQ-ACKs to sTTIs. In the special case of just one DL carrier, PDSCH HARQ-ACK could be always carried in the sTTI that is never needed for sPDSCH HARQ-ACKs. On the other hand, if the PDCCH length allows six sPDSCHs per subframe to be scheduled, a 3-OS sPUCCH could be favoured for carrying both PDSCH and sPDSCH HARQ-ACKs.
Observation 1: For 2-OS sTTI operation, depending on the maximum number of sPDSCHs in a subframe (i.e. the number of PDCCH symbols), the sTTI that is never needed for sPDSCH HARQ-ACKs or the 3-OS sTTIs could be favoured for carrying PDSCH HARQ-ACKs.
If the simultaneous transmission of sPUCCH and sPUSCH is configured, both PDSCH and sPDSCH HARQ-ACKs should be transmitted using sPUCCH. PDSCH HARQ-ACKs for different carriers could be sent in different sTTIs. sPUCCH could be also simultaneous with PUSCH. 

Proposal 6: If simultaneous sPUCCH and sPUSCH is configured, also PUSCH may be transmitted simultaneously with sPUCCH. 
PDSCH and sPDSCH HARQ ACKs with multiple UL carriers 

The operation with multiple UL carriers should follow the principles of the earlier releases. For a cell group, there should be one sPUCCH cell. If simultaneous (s)PUSCH and (s)PUCCH is configured, HARQ-ACKs both for PDSCHs and sPDSCHs are carried on sPUCCHs. When no simultaneous (s)PUSCH and sPUCCH transmission is configured 

· in sTTIs without sPUSCH and PUSCH transmission, HARQ-ACKs (both for PDSCH and sPDSCH) are carried on sPUCCH.

· in sTTIs with PUSCH or sPUSCH transmission, the carrier for HARQ-ACK sending is selected according to the order

· the carrier with smallest index and sPUSCH transmission (sPUCCH carrier index is 0)

· the carrier with smallest index and PUSCH transmission

These rules would mean that HARQ-ACKs in consecutive sTTIs could be transmitted in different carriers e.g moving from PUSCH in one carrier to sPUSCH on another carrier. This is reasonable because both HARQ-ACK and sPUSCH data have high priority.

It is assumed that if UE is configured for sTTI operation all UL carriers could carry HARQ-ACKs in virtual sTTIs of PUSCH although sTTI transmissions would not be supported on all carriers.
We summarize the above discussion to the proposal:

Proposal 7: With multiple UL carriers and when simultaneous (s)PUSCH and (s)PUCCH is not configured, HARQ-ACKs are mapped to sTTIs or virtual sTTIs like with single UL carrier. In a sTTI or virtual sTTI, the channel for HARQ-ACK transmission is selected according to the order: sPUSCH with the smallest carrier index, PUSCH with the smallest carrier index, and, in the absence of any data transmissions, sPUCCH. 

2.3 CSI
As discussed in [2], we think it is not necessary to consider sending periodic CSI using sTTI operation. CSI would be dropped if sPUSCH ends PUSCH transmission that carries CSI or if sPUCCH ends PUCCH. If all HARQ-ACKs are transmitted using sTTI operation according to Proposal 5, also PDSCH HARQ-ACK sending (on sPUCCH) would end PUCCH that carries periodic CSI. This is a somewhat unfortunate consequence of proposal 5 because it would mean that continuous PDSCH scheduling does not allow sending CSI through PUCCH. For CSI sending, either PDSCH scheduling gaps would be needed or PUSCH should be scheduled (HARQ-ACK(s) would be sent in virtual sTTIs and CSI in the legacy manner on PUSCH).   
3. Conclusions

We discussed collisions between UL sTTI and TTI transmissions based on four principles that are applied when UE is configured for sTTI operation:
· sPUCCH carries HARQ-ACKs (and SR)
· PUCCH carries only CSI 

· sPDSCH HARQ-ACKs may be transmitted in virtual sTTIs on PUSCH 

· PDSCH HARQ-ACKs are sent on sPUSCH, sPUCCH, or in virtual sTTIs on PUSCH (except for the fallback case with PCell-only PDSCH scheduling via Common Search Space) 
These principles allow for simple dropping/ending rules in the situation where simultaneous (s)PUSCH and (s)PUCCH is not configured:
· sPUSCH drops/ends PUSCH and PUCCH in the same carrier: CSI is dropped, HARQ-ACKs in the dropped virtual sTTIs are moved to the corresponding sPUSCHs (or sPUCCHs in sTTIs where sPUSCH is not transmitted) 

· sPUCCH drops/ends PUCCH in the same carrier, CSI is dropped

· (sPUCCH doppping/ending PUSCH need not be considered: instead of sPUCCH, HARQ-ACKs may be sent in virtual sTTIs on PUSCH)   
Our proposals and observations are:
Proposal 1: Irrespective of PUCCH Format, sPUCCH and sPUSCH are prioritized in case of overlapping with PUCCH.
Proposal 2:  sPDSCH HARQ-ACK transmission on PUSCH is supported by dividing PUSCH into virtual sTTIs and puncturing PUSCH data in a virtual sTTI. 

Proposal 3: When PUSCH needs to be stopped because of sPUSCH transmission, UE stops PUSCH in the end of the virtual sTTI that precedes the sPUSCH transmission
Proposal 4: Support multiplexing of DL HARQ-ACK feedback for PDSCH and sPDSCH in a subframe.
Proposal 5: When UE has been configured for UL sTTI operation on PUCCH cell, also HARQ-ACKs for PDSCH(s) are transmitted using sTTI operation i.e. on sPUSCH(s), in sPUCCH(s) or in virtual sTTIs of PUSCH. PDSCH HARQ-ACKs for different carriers can be distributed to different sTTIs within a subframe.  

Observation 1: For 2-OS sTTI operation, depending on the maximum number of sPDSCHs in a subframe (i.e. the number of PDCCH symbols), the sTTI that is never needed for sPDSCH HARQ-ACKs or the 3-OS sTTIs could be favoured for carrying PDSCH HARQ-ACKs.
Proposal 6: If simultaneous sPUCCH and sPUSCH is configured, also PUSCH may be transmitted simultaneously with sPUCCH. 

Proposal 7: With multiple UL carriers and when simultaneous (s)PUSCH and (s)PUCCH is not configured, HARQ-ACKs are mapped to sTTIs or virtual sTTIs like with single UL carrier. In a sTTI or virtual sTTI, the channel for HARQ-ACK transmission is selected according to the order: sPUSCH with the smallest carrier index, PUSCH with the smallest carrier index, and, in the absence of any data transmissions, sPUCCH. 
The Table in the Appendix collects proposals on UCI transmission with different PUSCH and sPUSCH scheduling on single UL cell when no simultaneous (s)PUCCH and (s)PUSCH is configured.   
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Appendix: 

UCI transmission with different UL scheduling on single UL cell and when simultaneous (s)PUCCH and (s)PUCCH is not configured (assuming sTTI wise instead of slot wise dropping of PUCCH)
	
	
	                                         type of UCI 
	

	
	
	A/N  
	 CSI
	A/N + CSI

	
	no PUSCH nor sPUSCH
	 in predetermined sTTIs on sPUCCH 
(or on PUCCH if for fallback PDSCH) 
	In legacy manner on PUCCH
	A/N on sPUCCH in predetermined sTTIs; CSI is dropped

	uplink scheduling within a subframe
	PUSCH only
	in predetermined virtual sTTI(s) on PUSCH
(in legacy manner on PUSCH if for fallback PDSCH) 
	In legacy manner on PUSCH
	A/N in predetermined virtual sTTI(s) on PUSCH and CSI in legacy manner on PUSCH

	
	sPUSCH at least in one sTTI; 

no PUSCH
	in predetermined sTTI(s) on sPUSCH (or on sPUCCH in sTTIs without sPUSCH)
	In legacy manner on PUCCH until the start of the first sPUSCH, after that PUCCH ended and CSI dropped
	A/N in predetermined sTTI(s) on sPUSCH (or on sPUCCH in sTTIs without sPUSCH);
CSI in legacy manner on PUCCH until the first sTTI with sPUSCH or sPUCCH, after that PUCCH is ended and CSI dropped

	
	PUSCH and sPUSCH at least in one sTTI
	in predetermined virtual sTTI(s) on PUSCH before the first sPUSCH, after that in predetermined sTTI(s) on sPUSCH (or sPUCCH in sTTIs without sPUSCH) 
	In legacy manner on PUSCH until the first sTTI with sPUSCH, after that PUSCH ended and CSI dropped
	A/N in predetermined virtual sTTIs on PUSCH before the first sPUSCH, after that in predetermined sTTIs on sPUSCH (or sPUCCH in sTTIs without sPUSCH);
CSI in legacy manner on PUSCH until the first sPUSCH, after that PUSCH ended and CSI dropped
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