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1. Introduction

In this contribution, we discuss remaining issues on UCI piggyback onto sPUSCH especially for subslot operation (i.e. 2/3-OS sPUSCH).
2. Discussion
Even though how to map UCI onto subslot sPUSCH has been extensively discussed, there was no consensus. The main concern is the performance degradation due to power transient period from other sTTIs as subslot sTTI has a relatively short transmission duration and the impact due to such power transient period would not be negligible any more. According to information regarding power transient period in [1] from RAN4, it is observed that four cases in Table 1 are related to subslot sPUSCH: case 1, 1a, 3, and 4. 
	Case
	Current symbol/TTI
	Next symbol/TTI

	1
	2os/3os
	2os/3os

	1a
	2os
	SRS

	2
	Intra sTTI 2os/3os/7os hopping

	3
	2os/3os
	1msec/7os

	4
	1msec/7os
	2os/3os

	5
	1msec/7os
	1msec/7os


Table 1. List of all possible cases for transient periods between consecutive symbols [1]
For each case, how to define transient period is examined in Table 2, which is copied from [1]. On top of that, whether to affect UCI mapping on subslot sPUSCH due to the transient period is specified as below. 
	Case
	If condition
	Then
	Impact to UCI mapping onto subslot sPUSCH

	1, 1a, 2
	If the symbols across the transient are [R, R]
	Then share the transient period symmetrically
	Case 1: Since the transient period will be placed in ‘R’ of both subslot sTTIs, no impact is expected.

	
	Else if the symbol on the right of the transient is ‘R’
	Then irrespective of the symbol on the left, place the entire transient period in the right ‘R’
	Case 1/1a: Since the transient period will be placed in ‘R’ of one of subslot sTTIs having ‘R’, no impact is expected.

	
	Else if the symbol left of the transient is ‘R’
	Then irrespective of the symbol on the right, place the entire transient period in the left ‘R’
	Case 1: Since the transient period will be placed in ‘R’ of one of subslot sTTIs having ‘R’, no impact is expected.

	
	Else
	Share transient period symmetrically between the two symbols/TTIs
	Case 1: Since there is no RS, both subslot sTTIs will have impact due to the transient period.

	3
	For all possible data patterns
	Place the entire transient period in the right/next TTI
	The transient period will be placed in longer TTI, and thus no impact is expected. 

	4
	If the last symbol of current TTI is SRS and if the first symbol on the right sTTI is ‘R’
	Place the entire transient period in ‘R’
	Since the transient period will be placed in ‘R’, no impact is expected.

	
	Else if the last symbol of current TTI is SRS and if the first symbol on the right sTTI is ‘D’
	Share the transient period symmetrically between the two symbols/TTIs
	Both SRS and the following subslot sTTI will have impact due to the transient period.

	
	Else
	Place the entire transient period in current TTI
	The transient period will be placed in longer TTI, and thus no impact is expected.

	5
	For all data patterns
	Treat this case similar to that of legacy 1msec+1msec TTI
	N/A


Table 2. Logic to decide the location for the transient periods for each of the above cases
In most cases, the transient period is defined in the symbol for reference signal, there is no impact on UCI when the UCI is mapped onto subslot sPUSCH. The actual impact of transient period on UCI piggyback onto subslot sPUSCH can be seen only under certain conditions, which are highlighted in red in Table 2. In order to alleviate such impact for the limited cases under certain conditions, introducing dynamic beta offset indication would not be a feasible option considering the sDCI signaling overhead. Instead, the following options can be taken into account: 
· Option 1: No special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol, the HARQ-ACK is mapped from the end of the data symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 
· For UCI mapping on 2/3-symbol sPUSCH with 2 data symbols, the HARQ-ACK is mapped from the end of the data symbol closest to DMRS symbol by puncturing sPUSCH data REs, the RI is mapped from the end of the other data symbol rate matched by sPUSCH data, and PMI/CQI are mapped from the start of the data symbols in the time first frequency second manner, which are rate matched by sPUSCH data. 
· Option 2-1: A special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol, the HARQ-ACK is mapped from the end of the data symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 
· For UCI mapping on 2/3-symbol sPUSCH with 2 data symbol, the HARQ-ACK is mapped from the end of the data symbol closest to DMRS symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 
· Option 2-2: A special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH, a fixed offset (~15% of the data symbol) from the end of data symbol is applied. 

· Option 2-3: A special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol and in case of {D R}, the HARQ-ACK is mapped from the end of the data symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 
· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol and in case of {R D}, the HARQ-ACK is mapped from the start of the data symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the end of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 
· For UCI mapping on 2/3-symbol sPUSCH with 2 data symbol, the HARQ-ACK is mapped from the end of the data symbol closest to DMRS symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 
· Option 2-4: A special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol, the RI is mapped from the end of the data symbol by rate-matching sPUSCH data REs, the HARQ-ACK is followed by the RI on the symbol with puncturing sPUSCH date REs. PMI/CQI are mapped from the start of the data symbol, which are rate matched by sPUSCH data. 
· For UCI mapping on 2/3-symbol sPUSCH with 2 data symbol, the RI is mapped from the end of the data symbol closest to DMRS symbol by rate-matching sPUSCH data REs, the HARQ-ACK is followed by the RI on the symbol with puncturing sPUSCH date REs. PMI/CQI are mapped from the start of the data symbol, which are rate matched by sPUSCH data.
· Option 2-5: Multiple beta offset values are configured, and each of them can be applied per each sTTI groups. 
· For example, one beta offset value is applied to UCI onto 2-OS sTTI while another beta offset value is applied to UCI onto 3-OS sTTI.
For better understanding, the illustrative figures corresponding to some options are given in Figure 1. 
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Figure 1. Examples of UCI mapping onto subslot sPUSCH

3. Conclusion
In this contribution, we discussed issues related to UCI piggyback onto subslot sPUSCH. Based on the above discussions, we have the following proposal:
Proposal 1: In order to alleviate the impact due to transient period for UCI piggybacked onto subslot sPUSCH, the following options can be taken into account:
· Option 1: No special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol, the HARQ-ACK is mapped from the end of the data symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 

· For UCI mapping on 2/3-symbol sPUSCH with 2 data symbols, the HARQ-ACK is mapped from the end of the data symbol closest to DMRS symbol by puncturing sPUSCH data REs, the RI is mapped from the end of the other data symbol rate matched by sPUSCH data, and PMI/CQI are mapped from the start of the data symbols in the time first frequency second manner, which are rate matched by sPUSCH data. 

· Option 2-1: A special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol, the HARQ-ACK is mapped from the end of the data symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 

· For UCI mapping on 2/3-symbol sPUSCH with 2 data symbol, the HARQ-ACK is mapped from the end of the data symbol closest to DMRS symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 

· Option 2-2: A special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH, a fixed offset (~15% of the data symbol) from the end of data symbol is applied. 

· Option 2-3: A special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol and in case of {D R}, the HARQ-ACK is mapped from the end of the data symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol and in case of {R D}, the HARQ-ACK is mapped from the start of the data symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the end of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 

· For UCI mapping on 2/3-symbol sPUSCH with 2 data symbol, the HARQ-ACK is mapped from the end of the data symbol closest to DMRS symbol by puncturing sPUSCH data REs, and RI and PMI/CQI are mapped from the start of the data symbol in the order of RI first, PMI/CQI second, which are rate matched by sPUSCH data. 

· Option 2-4: A special handling for transient period is supported.

· For UCI mapping on 2/3-symbol sPUSCH with 1 data symbol, the RI is mapped from the end of the data symbol by rate-matching sPUSCH data REs, the HARQ-ACK is followed by the RI on the symbol with puncturing sPUSCH date REs. PMI/CQI are mapped from the start of the data symbol, which are rate matched by sPUSCH data. 

· For UCI mapping on 2/3-symbol sPUSCH with 2 data symbol, the RI is mapped from the end of the data symbol closest to DMRS symbol by rate-matching sPUSCH data REs, the HARQ-ACK is followed by the RI on the symbol with puncturing sPUSCH date REs. PMI/CQI are mapped from the start of the data symbol, which are rate matched by sPUSCH data.

· Option 2-5: Multiple beta offset values are configured, and each of them can be applied per each sTTI groups. 
· For example, one beta offset value is applied to UCI onto 2-OS sTTI while another beta offset value is applied to UCI onto 3-OS sTTI.
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