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1 Introduction
In RAN1#84bis, the following agreements were made for legacy TTI and short TTI transmissions [1]: 

Agreements:

· A UE is expected to handle the following cases in the same carrier in a subframe 
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)

· FFS between:

· Alt 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier
· Alt 2: If the UE is scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier, then it may skip the decoding of one of them (FFS rules for determining which one)
· Alt 3: A UE is expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier
· FFS UE behaviour in case of being scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously with legacy TTI non-unicast PDSCH (except FFS for SC-PTM) on the same carrier 
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or (depends on outcome of FFS above) short TTI PDSCH unicast

In RAN1#86, the following agreement was made for sPUCCH transmissions [2]:
Agreements:
· The length of sPUCCH is the same or longer than the length of the DL sTTI carrying the associated sPDSCH
· The TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE
· FFS whether to support the combination of TTI lengths between sPDSCH with shortened DL TTI and PUCCH with 1ms UL TTI for FS1 and FS2
In this paper, we discuss the UCI transmissions on PUCCH/sPUCCH for UE supports sTTI.  
2 Discussion
For UCI transmission when there are both sPUCCH/PUCCH and sPUSCH/PUSCH is analyzed in [3], in this paper, we just discuss the UCI transmission on sPUCCH/PUCCH only when there is no sPUSCH/PUSCH. 
HARQ-ACK transmission
Since a UE supporting sTTI can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or sTTI PDSCH unicast, HARQ-ACK for sTTI and HARQ-ACK for legacy TTI could be fed back in the same sPUCCH/PUCCH. Generally there are three options as follows:
· Option 1: HARQ-ACK for sTTI on sPUCCH, and HARQ-ACK for legacy TTI on PUCCH, separately
· Require to specify simultaneous transmission of sPUCCH and PUCCH
· Require power scaling between sPUCCH and PUSCH when power limited
· Option 2: HARQ-ACK for sTTI and legacy TTI both on PUCCH
· Increase the latency of HARQ-ACK for sTTI which is not desired 
· Option 3: HARQ-ACK for sTTI and legacy TTI both based on a configured TTI length (i.e. either PUCCH or sPUCCH)
· eNB can determine the UL TTI length used for HARQ-ACK feedback, considering the tradeoff between latency and coverage requirement

· Do not need to support specify transmission of sPUCCH and PUCCH

Based on the above discussion, we prefer option 3 for HARQ-ACK transmission since it gives the eNB flexibility and avoids specifying the complicated simultaneous transmission combination. 
Proposal 1: Simultaneous transmission of PUCCH and sPUCCH in one subframe is not supported.

Proposal 2: The UL control channel TTI length for HARQ-ACK feedback is configurable by the eNB. 
Proposal 3: PUCCH with 1ms UL TTI should be supported to feedback the HARQ-ACK of DL transmission with sTTI.
SR transmission

Since SR for sTTI is supported, the periodicity and offset configuration for SR with sTTI should be defined so as to decide the SR feedback position for sTTI. Generally there are two Alternatives as follows:
· Alt 1: The periodicity and offset is configured as legacy with unit of subframe. One or more sTTI position in the SR subframe should be defined for SR with sTTI. Predefine or pre-configure one or more sTTI position in the SR subframe, positive SR should be fed back in such sTTI position in the SR subframe.

· Alt 2: The periodicity and offset is configured with unit of UL sTTI. It should be further studied whether the legacy SR configuration table can be reused or new configuration table should be defined.
Based on the above discussion, either alternative can be considered for SR transmission with sTTI. The sPUCCH format and sPUCCH resource configuration for SR transmission can be found in [4]. Since simultaneous transmission of PUCCH and sPUCCH is not supported in our proposal, SR should use the same TTI length as HARQ-ACK.
Proposal 4: The periodicity and offset of SR transmission with sTTI should be configured with unit of UL sTTI or by reusing the legacy SR configuration table with fixed sTTI position in SR subframe.

Proposal 5: The TTI length of SR transmission should be the same as that of HARQ-ACK.

P-CSI transmission

As we discusses in [4], P-CSI with sTTI can be considered by reusing the same sPUCCH format for large HARQ-ACK payload size based on PUCCH format 4/5. The periodicity and offset configuration for P-CSI with sTTI should be defined so as to decide the P-CSI feedback position for sTTI. The two ways of periodicity and offset configuration as for SR above can be used as well.
The sPUCCH format and sPUCCH resource configuration for P-CSI transmission can be found in [4]. Since simultaneous transmission of PUCCH and sPUCCH is not supported in our proposal, P-CSI should use the same TTI length as HARQ-ACK.
Proposal 6: The periodicity and offset of P-CSI transmission with sTTI should be configured with unit of UL sTTI or by reusing the legacy P-CSI configuration table with fixed sTTI position in P-CSI subframe.

Proposal 7: The TTI length of P-CSI transmission should be the same as that of HARQ-ACK.

UCI combination transmission

Since the TTI length of PUCCH format for different UCI payload should be the same, if 1ms PUCCH is configured, the UCI combination is list in Table 1, which means all UCI combination should be the same as legacy except that UCI could contain HARQ-ACK for DL sTTI.
Table 1 UCI combination for UE supporting sTTI with 1ms PUCCH

	HARQ-ACK/SR
P-CSI
	Legacy PUCCH format 1/1a/1b
	Legacy PUCCH format 3/4/5

	Legacy PUCCH format 2/2a/2b
	Legacy behavior
	Legacy behavior

	Legacy PUCCH format 4/5
	Legacy behavior
	Legacy behavior


Proposal 8: When the legacy PUCCH format is configured for both HARQ-ACK and P-CSI, legacy behavior can be reused with UCI including additionally the HARQ-ACK for DL sTTI.
As discussed in [4], two sPUCCH formats can be defined for HARQ-ACK/SR, named as sPUCCH format x for small payload size, and sPUCCH format y for large payload size for HARQ-ACK/SR/P-CSI. If sPUCCH is configured, the possible UCI combinations in the same UL TTI and the potential solutions can be seen in table 2. 
For HARQ-ACK with sPUCCH format x, P-CSI dropping cannot be avoided in Alt 1 and there will be ambiguity between eNB and UE on the understanding of content transmitted on the P-CSI resource when DL sTTI is missed in Alt 2. It should be further studied which alternative should be selected. 
For HARQ-ACK with sPUCCH format y, either Alt 1 or Alt 2 or both can be considered.

Table 2 UCI combination (simultaneous sPUCCH transmission of different types) for UE supporting sTTI with sPUCCH
	HARQ-ACK/SR
P-CSI
	sPUCCH format x
(for small payload)
	sPUCCH format y
(for large payload)

	sPUCCH format y
	· Alt 1: drop P-CSI
· Alt 2: HARQ-ACK/SR and P-CSI are transmitted together using sPUCCH format y on P-CSI resource
	· Alt 1: drop P-CSI
· Alt 2: HARQ-ACK/SR +P-CSI are transmitted together using sPUCCH format y on HARQ-ACK resource


3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: Simultaneous transmission of PUCCH and sPUCCH in one subframe is not supported.

Proposal 2: The UL control channel TTI length for HARQ-ACK feedback is configurable by the eNB. 

Proposal 3: PUCCH with 1ms UL TTI should be supported to feedback the HARQ-ACK of DLtransmission with sTTI.

Proposal 4: The periodicity and offset of SR transmission with sTTI should be configured with unit of UL sTTI or by reusing the legacy SR configuration table with fixed sTTI position in SR subframe.

Proposal 5: The TTI length of SR transmission should be the same as that of HARQ-ACK.

Proposal 6: The periodicity and offset of P-CSI transmission with sTTI should be configured with unit of UL sTTI or by reusing the legacy P-CSI configuration table with fixed sTTI position in P-CSI subframe.

Proposal 7: The TTI length of P-CSI transmission should be the same as that of HARQ-ACK.

Proposal 8: When the legacy PUCCH format is configured for both HARQ-ACK and P-CSI, legacy behavior can be reused with UCI including additionally the HARQ-ACK for DL sTTI.
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