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1 Introduction

In RAN1 #88, the following agreements was made in case of sTTI uplink channel collisions:

Agreements:
· In case of collision between sPUSCH and sPUCCH in the same sTTI on a given carrier for a UE

· The UE transmits both sPUSCH and sPUCCH if the UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH

· Otherwise, the UE transmits only sPUSCH including UCI of sPUCCH

· FFS whether some priority rule applies for inclusion of UCI from sPUCCH

· FFS between 
· If UE is indicating the capability of and is configured with simultaneous transmission, it applies to both sPUSCH/sPUCCH and PUSCH/PUCCH

· Separate capability signaling and configuration of simultaneous transmission for sPUSCH/sPUCCH and PUSCH/PUCCH are defined

In RAN1#89 and RAN1#90, for UCI transmission on sPUSCH in case of collisions between sTTI and 1ms TTI, the following agreements were made:

Agreements:
In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUSCH 

· The UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH without resuming the transmission

· The UE shall not resume the dropped/stopped transmission

· HARQ-ACK of PUSCH is transmitted on sPUSCH

· FFS on coding of HARQ-ACK and sHARQ-ACK (e.g., joint coding or separate coding)

· FFS on whether to bundle HARQ-ACK before mapping onto sPUSCH

· No requirement on the time of dropping prior to sPUSCH transmission is adopted

· CSI of PUSCH is dropped

In case of collision between PUCCH and sPUSCH in the same subframe on a given carrier for a UE

· HARQ-ACK of PUCCH is transmitted on sPUSCH

· FFS on coding of HARQ-ACK and sHARQ-ACK (e.g., joint coding or separate coding)

· FFS on whether to bundle HARQ-ACK before mapping onto sPUSCH

· CSI of PUCCH is dropped

In this contribution, we present our ideas on how to map sTTI UCI on sPUSCH, as well as how to map HARQ-ACK of PDSCH on sPUSCH if 1ms uplink channels dropped due to collision with sPUSCH.  
This contribution is revised from R1-1712900.
2 Discussion
2.1 sTTI UCI mapping on sPUSCH

2.1.1 Legacy (1 ms)
In legacy LTE, HARQ ACK/NACK and CSI reports are piggybacked on PUSCH if simultaneous transmission of PUCCH and PUSCH is not configured or UE is not capable of transmitting both. The HARQ ACK/NACK is mapped on PUSCH at bottom of the data symbols that are close to DMRS symbols, while for CSI reports, the coded RI symbols are placed at bottom of the data symbols that are close to HARQ ACK/NACK symbols, and CQI/PMI is mapped on top of all data symbols that across the full subframe duration. To avoid the problem that the reception of the UL-SCH is dependent on the PDCCH reception, the coded HARQ ACK/NACK symbols are punctured into the coded data, while rate matching is applied when mapping CSI on PUSCH.   

2.1.2 Slot (7os)

For short TTI with 7-symbol (slot) sPUSCH, since the legacy DMRS configuration is re-used, it is thus straightforward to apply the legacy mapping rules for mapping UCI on sPUSCH as illustrated in Figure 1.  
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Figure 1, UCI mapping on 7-symbol sPUSCH

Proposal 1 For 7-symbol sTTI, reuse the legacy mapping rule for UCI mapping on sPUSCH. 

2.1.3 Subslot (2/3os)
For a 2/3-symbol (subslot) sTTI, since the multiple SC-FDMA symbols that are used for UCI mapping in a 1 ms TTI are not available, a new mapping rule for UCI transmitted on sPUSCH needs to be defined.
Proposal 2 For 2/3-symbol sTTI, define a new mapping rule for UCI mapping on sPUSCH.

When defining the new mapping rule for 2/3-symbol sTTI, the impact of power transient period should be considered. As described in the replied LS from RAN4 in [1], the ON/OFF masks for 2-OS sTTI will be located outside the sTTI. I.e., when the adjacent sTTIs are also scheduled with uplink transmissions, its power transient period will overlap with the transmitted signal and thus introduces interference to it. To evaluate this impact, link simulations have been made and the result is presented below. 
In the simulations, a 2-symbol sPUSCH with a pattern of [R D] is considered, in which HARQ-ACK of sPDSCH is mapped at the bottom of the data symbol without any offset. According to the LS from RAN4 [1], when the sTTI next to the target sTTI is scheduled with other uplink transmissions, its power transient period will overlap with the target sTTI, as shown in Figure 2. Also, as agreed in RAN4 [2], a linear model in dB for the transient period is assumed in the simulations. I.e., the interference due to the transient period is modelled as white noise with its power ramping up in dB domain. The transient period (Tp) length is set to be 10us, which is also agreed by RAN4 in [1]. Three different values of Signal to Interference ratio (SIR) have been applied to capture the fact that the target and interfering sTTIs may use different MCS (a higher MCS would require higher Rx power). In Figure 3 and Figure 4, the simulated HARQ performance as well as the data BLER performance are shown for low MCS QPSK and high MCS 64QAM, respectively.
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Figure 2 Simulation model with the presence of power transient from adjacent sTTI.
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Figure 3 HARQ and BLER performance, QPSK rate 1/3, HARQ payloads 2-bits, channel EPA 3km/h
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Figure 4 HARQ and BLER performance, 64QAM rate 5/6, HARQ payload 10-bits, channel EPA 3km/h
As seen in the figures, the HARQ performance is severely degraded by the interference introduced by adjacent sTTI’s power transient period, while the data performance may not be affected though. For example, as shown in the right figure of Figure 3, at the common BLER target of 10%, data performance is only marginally affected by the existence of adjacent sTTI. However, HARQ cannot even achieve to its required performance level, which is the error rate of probability NACK->ACK below 0.1%, when interference from adjacent sTTI exists. Hence, it is necessary to introduce an offset when mapping UCI on sPUSCH to prevent control information from being affected by power transient period. 
Proposal 3 Introduce an offset from the start/end of the symbol in the mapping of UCI for 2/3os sPUSCH. The offset should cover the length of the transient period in the ON/OFF time mask.

For UCI on 2-symbol sPUSCH with one data symbol, if DMRS symbol is sent before the data symbol, it is proposed to map HARQ from the bottom of data symbol with one offset corresponding to power transient period from the bottom, while map RI and CQI, in order, from the top. If DMRS is sent after the data symbol, then map RI and CQI, in order, from the top of data symbol with one offset corresponding to the power transient from the top, while map HARQ from the bottom. The mapping rule is illustrated in Figure 5. As in legacy, puncturing is used for HARQ-ACK and rate matching is applied for other UCI mapping.
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Figure 5  UCI mapping on 2-symbol sPUSCH with one data symbol

Proposal 4 For 2-symbol sPUSCH with 1 data symbol, if data symbol is sent after the RS symbol, HARQ-ACK is punctured in the data symbol with an offset from the bottom and RI/CQI/PMI is mapped from the top in order.
Proposal 5 For 2-symbol sPUSCH with 1 data symbol, if data symbol is sent before the RS symbol, rating matching RI and CQI/PMI, in order, to the top of data symbol with an offset from the top, and puncturing HARQ-ACK to the bottom region of data symbol.
For 2/3-symbol sTTI with two data symbols, the same design principle is used. I.e., an offset region which corresponds to the power transient period needs to be introduced either from top or/and from bottom when mapping UCI on data symbols. The exact mapping rules for UCI on 2/3-symbol sPUSCH with two data symbols is shown in Figure 6.  
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Figure 6, UCI mapping on 2/3-symbol sPUSCH with two data symbols.
Proposal 6 For 2/3-symbol sTTI with two data symbols, puncture HARQ-ACK to the bottom of the data symbol which is close to RS symbol, rate matching RI to the bottom of the other data symbol not punctured by HARQ-ACK, CQI/PMI is rate matched to the top region of the two data symbols. In addition, depending on the location of data symbols, introduce an offset region corresponding to the power transient period when mapping UCI on sPUSCH.  
2.2 1ms TTI HARQ-ACK mapping on sPUSCH
Since a short TTI UE can be scheduled dynamically (with a subframe to subframe granularity) with 1ms TTI and/or sTTI, collision between sPUSCH and legacy PUSCH/PUCCH uplink channel may occur. To prioritize the delay-sensitive service, it has been agreed in 3GPP that the 1ms channel, PUSCH or PUCCH, will be dropped if they collide with sPUSCH. In the case of HARQ-ACK is carried on the dropped channel, to prevent legacy DL performance from being affected, HARQ-ACK of PDSCH will be transmitted on sPUSCH.
When mapping 1ms PDSCH HARQ-ACK on sPUSCH, the following two cases might happen:

1) There is no sPDSCH HARQ-ACK that needs to be transmitted on sPUSCH. 

For this case, the PDSCH HARQ-ACK could be mapped on sPUSCH by applying the same rule as defined above for sPDSCH HARQ-ACK on sPUSCH.
2) There is already sPDSCH HARQ-ACK that needs to be transmitted on sPUSCH.

For this case, since there will be two HARQ-ACK payloads, one for PDSCH and one for sPDSCH, to be mapped on sPUSCH, the following two approaches could be considered:
a)  Independent encoding and decoding the two HARQ-ACK payloads, and puncturing them in the different region of sPUSCH. 
b) Encode the two HARQ payloads jointly, then map it using the same mapping rule as for sTTI UCI on sPUSCH. 

Approach a) is straight forward but less efficient considering two independent HARQ encoding/decoding. In addition, it complicates the mapping rules for UCI on sPUSCH since one needs to design a special mapping rule for this case. 
Approach b) is more efficient in terms of coding/decoding processes, in addition, the mapping rule designed for sTTI UCI on sPUSCH can be reused. Thus, we propose to apply joint coding for mapping 1ms HARQ-ACK and sTTI HARQ-ACK.

Proposal 7 Encode and map PDSCH and sPDSCH HARQ-ACK on sPUSCH jointly when HACK-ACK of 1ms SPDCH needs to be transmitted on sPUSCH. 

In case a too large HARQ payload is obtained when mapping both PDSCH and sPDSCH HARQ-ACK on sPUSCH, spatial bundling for the PDSCH HARQ-ACK before joint encoding with sHARQ-ACK should be considered for 2-symbol sPUSCH. A large HARQ payload represents a lot of overhead for a 2-symbol sPUSCH with only one data symbol due to the reason that data performance maybe degraded by HARQ puncturing. Thus, we propose to always apply spatial bundling for PDSCH HARQ-ACK if mapping it on 2/3-symbol sPUSCH, and apply bundling if it is configured when mapping it on 7-symbol sPUSCH. 
Proposal 8 For 2/3-symbol sPUSCH, always apply spatial bundling for PDSCH HARQ-ACK before encoding it jointly with sPDSCH HARQ-ACK. 
Proposal 9 For 7-symbol sPUSCH, apply spatial bundling if configured for PDSCH HARQ-ACK before joint encoding with sPDSCH HARQ-ACK.

In the case when many carriers are scheduled for PDSCH, it should be noted that sPUSCH performance might be affected despite spatial bundling. Considering that these collisions are not supposed to occur frequently, ensuring good sPUSCH performance should be prioritized over PDSCH performance. To avoid too high impact on sPUSCH by a high number of HARQ bits from 1 ms, the network could configure dynamic codebook size (up to network implementation). One could further consider bundling of all PDSCH HARQ-ACK to a single bit in case dynamic codebook size is configured. Whether to apply this bundling or not can be configured.
Proposal 10 For 2/3-symbol sPUSCH, apply carrier bundling for PDSCH HARQ-ACK if configured before encoding it jointly with sPDSCH HARQ-ACK.

3 Conclusion
Based on the discussion in section 2, we propose the followings:
Proposal 1
For 7-symbol sTTI, reuse the legacy mapping rule for UCI mapping on sPUSCH.
Proposal 2
For 2/3-symbol sTTI, define a new mapping rule for UCI mapping on sPUSCH.
Proposal 3
Consider introducing an offset region which is associated with the length of power transient period when defining UCI mapping rules for 2/3-symbol sTTI.
Proposal 4
For 2-symbol sPUSCH with 1 data symbol, if data symbol is sent after the RS symbol, HARQ-ACK is punctured in the data symbol with an offset from the bottom and RI/CQI/PMI is mapped from the top in order.
Proposal 5
For 2-symbol sPUSCH with 1 data symbol, if data symbol is sent before the RS symbol, rating matching RI and CQI/PMI, in order, to the top of data symbol with an offset from the top, and puncturing HARQ-ACK to the bottom region of data symbol.
Proposal 6
For 2/3-symbol sTTI with two data symbols, puncturing HARQ-ACK to the bottom of the data symbol which is close to RS symbol, rate matching RI to the bottom of another data symbol, CQI/PMI is rate matched to the top region of the two data symbols. In addition, depending on the location of data symbols, introduce an offset region corresponding to the power transient period when mapping UCI on sPUSCH.
Proposal 7
Mapping both PDSCH and sPDSCH HARQ-ACK on sPUSCH jointly when HACK-ACK of 1ms SPDCH needs to be transmitted on sPUSCH.
Proposal 8
For 2/3-symbol sPUSCH, always apply spatial bundling for PDSCH HARQ-ACK before encoding it jointly with sPDSCH HARQ-ACK.
Proposal 9
For 7-symbol sPUSCH, apply spatial bundling if configured for PDSCH HARQ-ACK before joint encoding with sPDSCH HARQ-ACK.
Proposal 10
For 2/3-symbol sPUSCH, apply carrier bundling for PDSCH HARQ-ACK if configured before encoding it jointly with sPDSCH HARQ-ACK.
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5 Appendix

Table 1: Simulation assumptions for shortened PUSCH

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5MHz

	TTI length
	2 symbols (1 data, 1 DMRS)

	Allocated bandwidth
	25 PRBs

	Channel model 
	EPA 3km/h

	Antenna configuration
	1Tx (UE), 2Rx (eNB)

	CP length
	Normal

	Transmission mode
	TM1 

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation scheme
	QPSK, 64QAM

	HARQ retransmission
	Disabled

	HARQ payloads
	2-bits and 10-bits

	HARQ offset value
	2

	Performance metrics
	BLER, HARQ error rate NACK-> ACK


Table 2: TBS for 2-OS sPUSCH (One symbol for DMRS, one symbol for data)

	
	Coding rate
	MCS payloads

	QPSK 
	1/3
	200

	64QAM 
	5/6
	1496
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