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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

Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)

· Dropping/prioritization rules (if any) are FFS 

In RAN1#86, the following agreement was made for sPUCCH transmissions [2]:
Agreements:
· The TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE
In this paper, we discuss the simultaneous transmissions of (s)PUCCH and (s)PUSCH.  
2 Discussion
Since a UE supporting sTTI can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH, and can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or sTTI PDSCH unicast, the following cases may occur in the same subframe:
· Case 1: PUCCH and PUSCH in the same subframe
· Scenario: latency reduction is not required in Downlink and Uplink, or the UL coverage is limited.

· This is the same as legacy behavior with 1ms TTI.

· Case 2: sPUCCH and sPUSCH in the same subframe

· Scenario: latency reduction is required in Downlink and Uplink.

· Since the sTTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE, it can be handled similar as legacy behavior of PUCCH and PUSCH in the same subframe. That is:

· Higher layer parameter to enable/disable simultaneous transmission of sPUCCH and sPUSCH should be defined. 

· If simultaneous transmission of sPUCCH and sPUSCH is supported by the UE and enabled,  sPUCCH and sPUSCH can be both transmitted in parallel in the same sTTI with the same UCI transmission rule as legacy, and power scaling method as legacy can be reused if total transmit power is limited; That is：
· When sPUCCH format is for small payload size, HARQ-ACK +SR (if any) are transmitted on sPUCCH, and P-CSI is transmitted on sPUSCH if simultaneous transmission of different types of UCI is allowed. 

· When sPUCCH format is for large payload size (format 4/5 based), HARQ-ACK +SR (if any) +P-CSI (if any) are transmitted on sPUCCH if simultaneous transmission of different types of UCI is allowed, and UL-SCH is transmitted on sPUSCH.

· Otherwise, UCI on sPUCCH can be piggybacked on sPUSCH and UCI on sPUSCH should be specified similar as legacy behavior. Frequency diversity transmission of HARQ-ACK/RI should be considered when mapping UCI on sPUSCH since there is less or no time domain diversity sTTI considering with legacy. Taking 2os sPUSCH as example, the performance of HARQ-ACK/RI will be degraded a lot if HARQ-ACK/RI are mapped localized at some PRBs with deep channel fading or high interference. 
· Case 3: sPUCCH and PUSCH in the same subframe

· Potential scenario: latency reduction is required in Downlink but not in Uplink, or only UL data channel  is coverage limited
· Higher layer parameter to enable/disable simultaneous transmission of sPUCCH and PUSCH should be defined. 

· If simultaneous transmission of sPUCCH and PUSCH is supported by the UE and enabled, sPUCCH and PUSCH can be transmitted in parallel in the same subframe
· New transmission rule of UCI combination should be further studied and specified. 

· Alt 1: UCI for both sTTI and normal TTI are transmitted on sPUCCH, and aperiodic CSI (if any) is transmitted on PUSCH together with UL-SCH. 
· Alt 1 can maintain the latency for sTTI, however increase the payload of sPUCCH. The content on sPUCCH will not be affect when UL grant is missed.
· Alt 2: HARQ-ACK for both sTTI and normal TTI are transmitted on sPUCCH, and periodic CSI for either sTTI or normal TTI (as proposed in [3], periodic CSI for both sTTI and normal TTI should be not configured together) is transmitted on PUSCH together with UL-SCH. If there is aperiodic CSI on PUSCH, periodic CSI is dropped. 
· Alt 2 is similar as legacy method and can maintain the latency for HARQ-ACK for sTTI, however increase the latency for periodic CSI for sTTI. When UL grant is missed, fallback transmission of periodic CSI for either sTTI or normal TTI should be defined. The content on sPUCCH will be affect if all or part of such periodic CSI will fall back to sPUCCH when sPUCCH+PUCCH transmission is not supported as proposed in [3].
· Alt 3: UCI for sTTI is transmitted on sPUCCH, and UCI for normal TTI is piggybacked on PUSCH together with UL-SCH. 
· Alt 3 maintains the mechanism of UCI for normal TTI as legacy and can maintain the latency for sTTI. However when UL grant is missed, fallback transmission of UCI for normal TTI should be defined. The content on sPUCCH will be affect if all or part of such UCI will fall back to sPUCCH when sPUCCH+PUCCH transmission is not supported as proposed in [3].
· Alt 4: HARQ-ACK for both sTTI and normal TTI and periodic CSI for sTTI (if any) are transmitted on sPUCCH, and periodic CSI for normal TTI (if any) is transmitted on PUSCH together with UL-SCH. If there is aperiodic CSI on PUSCH, periodic CSI is dropped. 

· Alt 4 is the combination of Alt 2 and Alt 3 and can maintain the latency for sTTI. When UL grant is missed, fallback transmission of periodic CSI for normal TTI should be defined. The content on sPUCCH will be affect if all or part of such periodic CSI will fall back to sPUCCH when sPUCCH+PUCCH transmission is not supported as proposed in [3].
· New power scaling method should be defined if total transmit power is limited.
· Method 1: Maintain the transmit power of PUSCH and scale the transmit power of sPUCCH since the transmit power of PUSCH may be already calculated and part of the PUSCH is already transmitted before sPUCCH occurs, which means the transmit power of PUSCH cannot be changed in the middle of PUSCH transmission. However, this will degrade the performance of sPUCCH with important UCI.

· Method 2: When the starting time of sPUCCH and PUSCH is the same, allocate the transmit power according to channel and/or UCI priority; Otherwise, reuse Method 1. Method 2 can be considered as optimization of Method 1 with more complexity.
· Method 3: Puncture PUSCH at the overlapped part with sPUCCH, so as to maintain the transmit power of sPUCCH. This will degrade the performance of PUSCH of course and may require to not map UCI on PUSCH when design the new transmission rule of UCI combination on sPUCCH and PUSCH, so as to not affect the UCI transmission.
· Otherwise, if simultaneous transmission of sPUCCH and PUSCH is not supported by the UE or disabled, one of sPUCCH and PUSCH should be selected, and drop or puncture the other one.
· Option 1: Select sPUCCH and drop or puncture PUSCH, if there is UCI on PUSCH, all or part of the UCI is carried on sPUCCH. Furthermore, if there are multiple sPUCCH in the subframe of PUSCH, selection rule should be defined to select one or more sPUCCH to carry the UCI on PUSCH. For example, always select the first or the last one, or select the sPUCCH with periodic CSI for sTTI (if any) to carry periodic CSI on PUSCH and select the sPUCCH with HARQ-ACK for sTTI (if any) to carry HARQ-ACK on PUSCH.
· Option 2: UCI on sPUCCH is piggybacked on PUSCH, and sPUCCH is dropped. Since sPUCCH may not occur at the beginning of PUSCH, UCI for sTTI on sPUCCH may not be mapped on the SC-FDMA symbols used to carry UCI as defined in legacy system. Thus, new UCI mapping rule should be further defined for UCI of sTTI when piggybacked on PUSCH which make the UCI transmission on PUSCH so complex. In addition, it will increase the latency for UCI for sTTI.
· Case 4: PUCCH and sPUSCH in the same subframe

· Potential scenario: latency reduction is required in Uplink but not in Downlink, or only UL control channel is coverage limited
· Higher layer parameter to enable/disable simultaneous transmission of PUCCH and sPUSCH should be defined. 

· If simultaneous transmission of PUCCH and sPUSCH is supported by the UE and enabled, PUCCH and sPUSCH can be both transmitted in parallel in the same subframe

· New transmission rule of UCI combination should be further studied and specified. 

· Alt 1: UCI for both sTTI and normal TTI are transmitted on PUCCH, and aperiodic CSI (if any) is transmitted on sPUSCH together with UL-SCH. 

· Alt 1 cannot maintain the latency for sTTI, and increase the payload of PUCCH. The content on PUCCH will not be affect when UL grant is missed.

· Alt 2: HARQ-ACK for both sTTI and normal TTI are transmitted on PUCCH, and periodic CSI for either sTTI or normal TTI (as proposed in [3], periodic CSI for both sTTI and normal TTI should be not configured together) is transmitted on sPUSCH together with UL-SCH. If there is aperiodic CSI on sPUSCH, periodic CSI is dropped. 

· Alt 2 is similar as legacy method and can maintain the latency for periodic CSI for sTTI, however increase the latency for HARQ-ACK for sTTI. When UL grant is missed, fallback transmission of periodic CSI for either sTTI or normal TTI should be defined. The content on PUCCH will be affect if all or part of such periodic CSI will fall back to PUCCH when sPUCCH+PUCCH transmission is not supported as proposed in [3].
· Alt 3: UCI for sTTI is piggybacked on sPUSCH together with UL-SCH, and UCI for normal TTI is transmitted on PUCCH. 
· Alt 3 maintains the mechanism of UCI for normal TTI as legacy and can maintain the latency for sTTI. However when UL grant is missed, UCI for normal TTI will fall back to PUCCH if sPUCCH+PUCCH transmission is not supported as proposed in [3], which means the content on PUCCH will be affect when UL grant is missed. In order to shift UCI on sPUSCH to PUCCH, PUCCH should be configured to transmit HARQ-ACK for both sTTI and normal TTI.

· Alt 4: HARQ-ACK for both sTTI and normal TTI and periodic CSI for normal TTI (if any) are transmitted on PUCCH, and periodic CSI for sTTI (if any) is transmitted on sPUSCH together with UL-SCH. If there is aperiodic CSI on sPUSCH, periodic CSI is dropped. 

· Alt 4 is the combination of Alt 2 and Alt 3 and can maintain the latency for sTTI. When UL grant is missed, fallback transmission of periodic CSI for sTTI should be defined. The content on PUCCH will be affect if all or part of such periodic CSI will fall back to PUCCH when sPUCCH+PUCCH transmission is not supported as proposed in [3].

· New power scaling method should be defined if total transmit power is limited.

· Method 1: Maintain the transmit power of PUCCH and scale the transmit power of sPUSCH since the transmit power of PUCCH may be already calculated and part of the PUCCH is already transmitted before sPUSCH occurs, which means the transmit power of PUCCH cannot be changed in the middle of PUCCH transmission. However, this will degrade the performance of sPUSCH especially when sPUSCH with important UCI.

· Method 2: When the starting time of PUCCH and sPUSCH is the same, allocate the transmit power according to channel and/or UCI priority; Otherwise, reuse Method 1. Method 2 can be considered as optimization of Method 1 with more complexity.

· Otherwise, if simultaneous transmission of PUCCH and sPUSCH is not supported by the UE or disabled, one of PUCCH and sPUSCH should be selected, and drop or puncture the other one.

· Option 1: Select PUCCH and drop sPUSCH, if there is UCI on sPUSCH, the UCI is carried on PUCCH. In order to shift the UCI on sPUSCH to PUCCH, PUCCH should be defined to carry HARQ-ACK for both sTTI and normal TTI.
· Option 2: UCI on PUCCH is piggybacked on sPUSCH, and PUCCH is dropped. This will reduce the coverage of UCI on PUCCH. Furthermore, if there are multiple sPUSCH in the subframe of PUCCH, selection rule should be defined to select one or more sPUSCH to carry the UCI on PUCCH. For example, always select the first or the last one, or select the sPUSCH with periodic CSI (if any) to carry periodic CSI on PUCCH and select the sPUSCH with HARQ-ACK (if any) to carry HARQ-ACK on PUCCH.

If Case 3 and Case 4 are allowed, there will be much more specification and implementation complexity due to the UCI transmission and power control, and sPUCCH/PUCCH+PUSCH+sPUSCH should be specified as well when combining Case 3/4 with Case 1/2. On the other hand, it is not clear if the potential deployment scenarios which incurs case 3 or 4 is valid or not, since it assumes imbalanced DL and UL latency requirement as well as the imbalance coverage capability between UL data and control. 

For Case 3, if sPUCCH is configured according to the requirement of DL latency, then sPUSCH can be also used even if there is no latency requirement for UL, so as to align the TTI length of UL control and UL data channel to reduce the design complexity. For Case 4, if PUCCH is configured for HARQ-ACK feedback for DL sTTI, it means the UL coverage is limited, thus, sPUSCH should be not configured by considering the UL coverage.

Hence, based on the analysis above, we have the following observations and proposals:

Observation 1: If the same TTI length of UL control channel and UL data channel should be used, only case 1 with PUCCH+PUSCH and case 2 with sPUCCH +sPUSCH are allowed for UE support sTTI, which can greatly reduce the specification and implementation complexity of sTTI operation. 

Observation 2: If case 3 with sPUCCH+PUSCH and case 4 with PUCCH+sPUSCH are supported, at least the following aspect should be further studied and specified:

· Higher layer parameter to enable/disable the corresponding simultaneous transmission
· New transmission rule of UCI combination when simultaneous transmission is enabled or not enabled
· New power scaling method if total transmit power is limited when simultaneous transmission is enabled
Proposal 1: If simultaneous transmission of sPUCCH and sPUSCH is supported, sPUCCH and sPUSCH can be both transmitted in parallel in the same sTTI with the same UCI transmission rule and power scaling method as legacy; Otherwise, UCI on sPUCCH can be piggybacked on sPUSCH.

Proposal 2: UCI on sPUSCH should be specified by following the legacy behavior as much as possible for sPUSCH with different sTTI lengths, and frequency diversity transmission of HARQ-ACK/RI on sPUSCH should be considered.
3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: If the same TTI length of UL control channel and UL data channel should be used, only case 1 with PUCCH+PUSCH and case 2 with sPUCCH +sPUSCH are allowed for UE support sTTI, which can greatly reduce the specification and implementation complexity of sTTI operation. 

Observation 2: If case 3 with sPUCCH+PUSCH and case 4 with PUCCH+sPUSCH are supported, at least the following aspect should be further studied and specified:

· Higher layer parameter to enable/disable the corresponding simultaneous transmission
· New transmission rule of UCI combination when simultaneous transmission is enabled or not enabled
· New power scaling method if total transmit power is limited when simultaneous transmission is enabled
Proposal 1: If simultaneous transmission of sPUCCH and sPUSCH is supported, sPUCCH and sPUSCH can be both transmitted in parallel in the same sTTI with the same UCI transmission rule and power scaling method as legacy; Otherwise, UCI on sPUCCH can be piggybacked on sPUSCH.

Proposal 2: UCI on sPUSCH should be specified by following the legacy behavior as much as possible for sPUSCH with different sTTI lengths, and frequency diversity transmission of HARQ-ACK/RI on sPUSCH should be considered.
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